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' ABSTRACT 



Problems in computational question answering "assume 'a new 
perspective when question answering is viewed as a problem in natural 
language proce.ssing. A theory of question answering has been proposed 
from this viewpoint which relies on ideas in conceptual information 
processing and theories of human memory organization. This theory of 
question answering has been implemented in a computer program, QUALM. 
QUALM is currently used by two story understanding systems (SAM and 
?AM) to complete a natural language processing system which reads 
stories and answers questions about what was read. 

The processes in QUALM are divided Into four phases: (1) 
Conceptual Categorization, a) , Inferential Analysis, (3)* Content 
Specification, and (4) f Retrieval Heuristics. Conceptual 
(^tegorization I guides subsequent proce3sing by dictating which 
specific inference mechanisms, and memory retrieval strategies . should 
be invoked in the course' of answering a question. Inferential 
Analysis is responsible for understanding wl;iat the questioner really 
meant when a que'stion should not be taken literally. Content 
Specification determines how much of an answer should, be returned in 
terms of detail and elaborations. Retrieval Heuristics do the" actual 
digging in order to extract an answer from memory^ All of the 
inference processes within tliese four phases are * independent of 
language, operating within conceptual .representations. 

QUALM represents a / theory of question answering which is 
motivated by theories of natural language processing. Within the 
context story understanding, * QUALM has provided a concrete 

criterion for judging the strengths and weaknesses, of story 
representations generated by SAM and PAM. If a system understands a 
stoty, it should be able to answer questions about that story in the 
same 'way that people do. Although the computer implementation of 
QUAT-M is currently limited to the application of answering questions 
about stories, the theoretical model goes beyond this particular . 
context. As a theo/etical model QUAUI is intended ta describe general 
question answering, wiicre question -answering in its most general foonn 
is viewed as a verbal communication device between people. , 
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, 'PREEACE 

When a person understands a story, he 'can deraonstrat'e his 
i^f r 1" answering questions about the story. Since questions 

can be devised to qu^ry any aspoct of text^ comprehension, the ability 
to answer questio;is is the strongest possible demonstration of 
understanding. Question answering is therefore a task criterion for 
evaluating reading skills. " • 

\ 

a coniputer is -said to understand a story, we must d^and of 
the computer, the same demonstrations of understanding that we require 
of people. Unt^il such demands are met, we have no way of" evaluating 
text understatiding programs. Any" computer programmer can write a 
Drogram which An1>uts text. If the programmer assures us that his 
program undeptands' te::t, it is a bit like being ^reassured by a used 
car salesman /about a suspiciously low speedometer reading. Only when 
we can ask a program t6> answer questions about what it reads will we 
be able to begin to assess that program's comprehension. 
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'V- ' ' * CHAPTER 1 . 



PROBLEMS, PREVIEWS AND PROGRAMS 



no IntroHuction ' -\ / * ^ 



.Question. answering; is 'a -process. . If 'ye wish to program a 
computer to answer questions, w6 need some sense of what that process 
looks like. Human* qi^stlon answering is*, more ^ than le^cical 
manipulation; , the cognitive mechanisms Used in question answering 
operate on concepts 'underlying language. The * proces^ses of -question 
answering ^must ^therelbre^ be cha'raotirized as. manipylatiohs ' of 
conceptual information* This thesis pr'esents' a .process ^model. of. 
. question answering sfs a theojfy of *.conce|/tual information processing. 

The difficuitifes invcrlvecf in natural, lan^uige ques^tion' answtirihg 
(Q/A) ^r& not obvious^^ / ^S9Ple jare largely unconscious of the 
cogii±tive processes involved in*^ answering a question, and are 
consequently, ins^ensitive to the complexfties of -ahswering questions. 
It is therefore necessary to become acquainted with/ .the variety and 
scope • of the ' difficulties involved}^ the probldns- intrinsic to 
question J answering must be made - visible. There is no way to 
'^ronsciou^y monitor how question^ are un'ierstood,. how memory is 
seatxbed f ot« an answer, or how^tnat answer is expressed *in language* 
A ^question is 'heard and an : answer surfaces, it is very hard to 
appreciate ^ the complexity of a 'process wi»ich is* effortless *and 
tmcoilscious. But jfz we examine some exampi^ oi questions and 
answers, wen can begin to' re4lize how much is- ; involved i^i the 
J f undajfaentai and -'simple' human ability to answer questions. 

1,1 Wliat's Hard' About Answering Questions 

Before anyone can 'answer a question they must, understand wliat the 
question says. The processes which understand que3t:^ins operate on 
various levels. To see how iifany kinds . of interpretive processes are 
involved, we will loolj; at some of the^wifys that questions can fail to 
make senre*. From fthere we will go^ on to problems which are related to 
membry retrieval and the prpcesses whJtch opera^te on memory in order to 
•form an answer. 



Ul.l Conceptual* Anal^is ^ 

Imagine j^ou are walking doWi.\ the street when a well jiressed 
stranger c6mes uf^, to you and says: ) 

' *■ 

■ Q: Pardon me, but do you kronfid grodding slib? 

Chances are you will not understand- this question. i XoUr Efailiire. to 
understand^ this question occurs at tHe lowest, possible levelf - lexical 
proces:^ing* The ^ first step of interpretive processing/ maps the 
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^ lexical question into a conceptual structure; combl^nation^ of words 
are given meaning. This conceptual analysis^ is the only * interpretive' 
process involved in question answering which is la/nguage, d^j^ndent. 
'If i know only English I cannot understand questions in other 
languages • « 09ce a question has been successfully mapped from its 
lexical expression to r conceptualization, the subsequent interpretive* 
: processes which interpret ' the questio'n further are all 

lan'guage-indepenaent pz^<^<jes9es. If I am'lear^ning -Russian, I n^ed to ; 
■ learn a vocabulary ^nd grammar in prd'er to understand .questions which 
are stated in* Russian, but/I do not need to acquire new, cognitive 
icesses for answering questions -once I know^ their/ conceptual 
meaninr 



\ 



•Principle #1: 
The Memory ^rpcesses of Question Answering 
arelTidependent of Larfguage 
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The analytic m|>ifianisms which map words to concepts when a question is 
understood '"^Jllre language-dependent mechanisms.. .Similarly, th4 
genera tioAal /Mechanisms which- express concepts * in words axe 
lan^uag^^ciependent. But the cognitive mechanisms of memory which ,make 
inference's about qiMistions and search memory for an answer operate/ on 
a conceptual,. level which is independent of language. - ' * • • 



Reference Recognition 

In, the course 'of obtaining a conceptual interpretation, -various 
memory processes operate to see if all nominal references in the 
question are understood. For example, if I- as^ you: 

<f 

Q: Which is bigger, a basenji or a komondor? ' * ' 

the question makes some sense conceptually, even if the words ' basenji 
and komondor are totally alien. The question can be understoo<J^ to be 
asking for a size comparison between two things. But if the question 
refers td something which is completely unheard of, the question is 
not fully understood on the level of reference recognition. 



Principle i?2: 
Questions are Understood pn Many Different Lev^s 



Full reference recognition does not guarantee that a question can be 

ailswe^ed, but a lack of reference recognition does guarantee^ that a- 
. question can't be ansi^ered (at least knowledgeatly) . Vtf it is" knowrT 

that basenjis and komondors are two bteeds of dog, and nothing mere is 
. known about either breed, ref^irence recognition will have been 
.;"achieved,* and the question will" still be unanswerable. But if a 

conceptual reference fo/r either basdnjis or komondors is , missing, the 

question can't possibly be answer.ed. 



/ 
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1.1.3 Coticeptual Categorization » 

When a question has been understood conceptually, it is ready 'to 
be classified conceptually. 'Conceptual categorization of a question 
^etermj^es which raerapry processes will be Invoked to complete further' 
interpretation. Siippose » two people want to have dinner togethqrjmt 
neither of them has any money, and there is no food at Home. In this 
context, ^consider the following exchange: ^ ' - ^ 

Q: How kre we going to eat tonight? * 
Ar^With silverware.- / ' 



This answer' indicates that the question farile* to be. interpreted 
correctly. It was placed in the wrong conceptual catej^ory. The 
answer indicates that the question was understood* to be' .asking about 
the --'ins t rumen tality invol^^ed' in eating^ But<in»th^context. given., the 
question should have been understood to be asking about the enabling* 
conditions for eating. The question should be conceptually Equivalent 
td aiski'hg, '.What are we going to^ do in order to eab tonight? - How 
are we going to solva^thia^problem?' 



Principle if3: 
Understanding Questions Entails 
Conceptual Categorization 



In this thesis we will propose thirteen conceptual^ categ'briesL^f or 
quest3tons. Two of these distinguish between <^uestions that ask about 
enabling conditions, and questions that ^4sk aboOt instrumentality. 
l«?hen a question is properly interpreted, it will be assigned *to* only, 
one conceptual category. AllAanswers to questions are prodilced^ by 
assuming ^ one conceptual ^categorization. when .a question is 
conceptually ambiguous ^can be assig'n^ to more than* , one • 'conceptual 
category), the person being ad^essed must either Q^arify the question 
before attempting to answer iti^r guess which category should; . be 
assigned' and answcxr it on the basis of that assumed categorization. 
Gpnceptual categorization guides the subsequent processing of- a 
question ' by dictating whi-ch in|:erpretive mechanisms and memory' 
retrieval strategies arg to be executed. ^ 

1.1.4 Uhderstandihg in Context , * , * \^ 

The proper conceptual categorization of questions is depetident on 
the context in which the question pccurs."' Suppose I had been fixing 
dinner for you Ht ray house, and just as I wa'^s about to'*set the table 1 
remembered that I had loaned all ^my silverware to*a friend. If 1 
explain this fo you and thep^ask: 

^ Q: How are we going to eat tonight? v 
* * 

it would-be quite reasonable for you to respond; \ 
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A: With our Jiands» 

ilhis answer is/ reasonable in the sense that \ it addresses the 
instrumentality^ of eating* Instrumentality is \clearly what the 
question should be interpreted to be as'-ing" about \in this context* 
But when- the same question was a^ked the context! of having no food 
or money,^ ah answer which responded;.to instrumental interpretation was 
inappropriate. '\ 



Principle #4: \ 
Context Af fectS'-Conceptual. CategorizaVio>- ; 



assign thja proper v conceptual categorization tiT" 



Processes that 

question must be sensitjive to the :coritext in which that question is 
askfed^. Questions cannot bp corr;ectiy understood by processes which do 
not t^ke into consideratiQir conKex^tu^l factors. 

l.l.S^Conyersational Interpretation , * ^ 

* In^human question answering dialogs, sules. of conversational 
continuity are often invoked during th^ interpretative pr/^lssing of 
questions: ^ y • 

; , 

* John: J)id Bill go -to class? ^ ^ 

Mary: No, didn't: 
. John: Why noC?* . ^ ' 
Mary: He was sicWa * • * ^ 

John: Did Bill go to class? ' « . ^ 

^, ^ Mary: Irdon't knoy. 

, John: Why not? ^' ' ^ 

^ 'Mary: wasn't there. ■ . / • • , * 

In both these dialogs John asks- i^ry 'Why not?' In the, firstr -dialog-he 
means 'Why didn^'t Bill- go to class?' af^ in the second he means 'Why^ 
don't y(ih know whether or not .Bill went 'to' class*?' Rules of 
conversational continuity are needed in fcaseg like these/ to comJ)lete a 
partial question coiprectvly.^ 



Principle #5: 
Rules of Conversational Continuity* 
are ^leeded to Understand Some Questions ' 



Jilie mechanism which operates * in Jrases> like these ^is really very 
simple: When l^ry has^ to interpret a question of Joho's in ferms of 
previous dialog, sh^e needs to know only the last cqncept which ' was 
communicated to. Jqhn. In the first dialdg Mary tdld John that Bill 
^did not go to class. When John ^ asks 'Why not?; ^ bhe combines ''his 
partial question with the last c^oncept communicate^/ to him to get the 
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question 'Why didn't Bill go-^ class?' In the second, dialogs Mary 
told John that she doesn't^know ifsBill went to class orrnot. When 
John asks 'Why not?' she ^opbines his partial question witH the' last 
doncept communicated XgAt 'Why^ don't you know if Bill went to 
class?' " L 



lcl*6 Inferences 



Many questions rely on the listener*s ability to infer something 
implicit in a question for the correct^ interpretation a of that 
questi^on: , 

e 

■* ' 4 

Q: Do. you drink? 

A: Of course^ All humans drink* 



Q: Who wasn't in class yesterday? 
A: George Washington and Moby Dick* 



Q: Would you like to dance? 

A: Sure^ You know anyone who wants to? ' 

While the answers given to these questions may be technically correct 
answers, they seem .to liave missed the point. One suspects that 'Do 
you drink'?'T, is intended to mean 'Do you drink Jiquor?' and that 'Who 
wasn't in class yesterday?'' must ^ have meant .'Who wasn't in class 
yest^erday who should have been ther^?' 'Would yoii lilcp to dance?' 
should hav^ J)^een"und^*rstood to mean 'Would ,you like to dance with me?\ 
If these ' Inferences are not made, answers which , are literally correct^ 
but totally Inapprppriate will be given* " ^ ; ' 

. 1-1 c_ ' V ■ 



Principle #6: ■ ^ ' 

A Good Answer Is More Than A Gorrect Answer: 
t Appropriateness Counts 



When a question relies on the listener's -ability to make inferences, 
missing information may derive from the conversational context of the 
question: 

• John :^ Hello *Mary! Thanks f or/invitljji^^e over* 
' Mary: I'm glad you could come» Sit down* ^ 
^ , John: You certainly haVe a' cheerful kitchen* . ^ 
Mary: It was just painted* Some coffee? 
John: No thanks,, I don't drink cdffee. ' * 

In this conversation 'Some coffee?' is an offer* Mary is asking John 
if he would like a cup of coffee* In order to interpret this .question 
as an offer we must infer that Mary is in a setting where she has «^ 
access to coffee (she isn'.t on a subway), Mary roust have a 
relationship with John in which' she treats him cortiially (he is not a 
rapist) and they must tfe together (the question makes no sense over 
cFie p^ibne)* - \ , J • 



John: Hello Mary! Thanks for invitihi^'.rae over. 
Mary: Would you like Something to drihk? 
John: Some coffee? 

Mary: Sure. ^ 

Now 'Some coffee?' is a polite 'response to an offer already made. 
John is saying he would like some coffee if she has any. 
Conversational context is a determining factor in the correct 
interpretation of these^questions. 



1.1,7 Knowledge-Based Interpretation ' ^ • ^ .\ 

Very often we interpret questions correctly/ because we have 
knowledge about the" world, things people do^and vhy they do the 
things they^do. For example, suppose Mary hears *That her friend Tohn 
roller ^kated to McDonald's last night. She may/very well *ask: 

Q: Why did John roller skate to McDonald'yS last night? 

If someone answers her question: 

A: Because he was hungry. 

she will be justifiably impatient with »that answer; she was not told 
what she wanted to, know./ Chance^ ^re she really wanted to know:; 

Q: Why did John roller ^^kate instead of walk or dtive or 
' some otber reasonable means of transportation? \ 

It was. the act of rplllir .skating that she'was asking about, not dhe 
destination.' A cooperative and *^ reasonable respondent would have 
interpreted her question to be ""asking about the roller skating. But 
.what is it ' tliat tells* us which part of her question should be 
addressed? How do we know thf^t the act of roller skating should 
receive attention and .not the destination? This is a problem in 
knowledge-based focus establisfiment . ^ 



Principle #7: , 
Shi'fts in Interpretive Focus 



Alter Meaning 



Some questions are not fully understood until their focus has been 
determined. In many cases the focus of a question can be established 
only by knowing about how the world works and whiclj> things are more 
interesting than which other things. In the ekaiffple just g'iven the 
focus of our question is^'obvious' because .adults fr^equently go to 
drive-in restaurants but they doi/t normally roller skate. For most 
adults, ^oing roller skating is more unjiisual than going to McDonald' 
it requires explanation. But^ *if everyone knew that John was an 
eccentric health •food nut who roller skates everywhere he goes, then 
^the question: * * \ ^ . 

18 " ' . ■ 
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Q: Why did John roller skat^ to McDonald's? 



w.ould be reasonably interpreted to *be asking about McDonald's, not the 
roller skating. Our knowledge about John and what constitutes strange 
behavior for John would override our general knowledge^ about what 
people normally do and don't do. 



, Principle 



Focus Directs Attention to 
Variations on Expectations 



Interpretation of a (question may force the listener's attention to 
favor' some conceptual component of the question. Attention is 
generally drawn to those things which are unusual or which vioi:i'i:e 
expectations. 

\ ■• ^ ' " ^ ' • - 

\ In spoken dialogs, intonation patterns in .speech very often 
est^ablish the .'focus of a question. If * McDonald's Is/stressed, It is 
clear that tKe speaker. is interested in that particular component of» 
thej question. But in written questions, no such clues exist (unless 
, we have italicized words). When nc^ verba (or visualV stress; matks 
\ the! focus of a question, heuristics must .be invoked to det'ermine which 
elements of, the question are most deserving pf:^ attention. Attention 
naturally centers on the unexpected, neglecting fehQse things which are 
predictable. - , ' • 

1.1. 8 Memory-Based Interpretation > \* .ri 

' ■ ■ . o-- ' ..• ■ . -'^^ 

Sometimes a question does not have any conceptual; components 
which are inherently deserving of f ocu§ on the basis of general world 
knowledge or specific knowledge of individual behavior. If I were to 
ask you: - ' ^ 

* ^Q: Why did John ask Mary to mall the card? 

jou can't -establish the focus of thi^ question by looking for what 
se^ms to be the most interesting thing in the question. The whole 
que:Stion looks pretty comnjonplade. People often ask each other to do 
things and there is nothing very exciting aboujts mailing a cardi 

The fpcus of a ^estion like this onq, relies >§olely on specific 
knowledge of the episode which the question refers to. Depending oq 
the situation, this question could be answered: ^ 

A: Because Susan wasn't there. * 

A: Because. he could\^'t afford a personal delivery service. 
' k\ Because he had nd right to order her; 

The answer 'Because Susan w^sn' f there, ' icould be a' response to two 
• possible interpretations of, the quHtion. The question (Why did John 
ask M^ry to mail the.x:ard<?) tould be asking about either John as the 

o . . .. 19 • ' 



- 8 - 



actor, or Mary as the recipient of John's request. The answer could* 
therefore mean that either John asKed Mary because Susan wasn't there 
to ask Mary, or, John asked Mary because Susan wasn't there to be 
asked. If the question occurred in a'teal context. (say in reference 
to a story) there^ would be no arabi^ity to the answer since only one 
would make' sense ^jT.context. 'Because^ he couldn't afford a personal 
delivery service,'' is an answer which can be produced only if the 
question is interpreted to be asking ''ab (3 ut the act of mailing. And 
'Because he had no right to orders her,' comes about by interpreting 
the question to be askiYig about the act of aslcing. If would be easy 
to make up stories for which each of these three answers makes sense. 



, Principle #.9: 



Ambiguity of FocuS 
Rarely Occurs in Context 



When a question like, this- one is answered in the context of a stdry, 
focus is immediately established on the basis of what's in memory. If 
we heard a story where John was going to ask Susan to mail a card for 
him, hut he ended up asking Mary because Susan was busy, then the 
question will immediately be understood to*J>e asking about TIary vs. 
Susan. Other possible interpretations- which would have resulted from 
different focus establishment are never considered. 



1.1.9 Selecting the Best Answer 

Once a question has been fully interpreted it is tiiXie to look fo.r 
an . answer • Memory searches must be conducted which aire guided by the 
conceptual category of the question at hand. An immediate problem 
>^-^ arises when the memory search turns up moire than one reasonable answer 
. to a .question. For exaapj-e, consider the following story: 



John took a bus to New York. Then he took a 
subway to Leone's. But on the subway his pocket' 
was picked. He went into- Leone's and had some 
lasagna. .^Wh<Bn the check** came, he realized he 
couldn't pay the check. H^had to wash dishes. ^ 



If asked: ' ^ , * - 

Q: Why 'did John wash dishes. at Leone's? 

there are many reasonable answers to this question: 

A: Because he couldn't pay the check. 

A: Because he had no moni^y. 

'A: Because he was pickpocketed * ^ 

Ail of these answers are perfectly correct, but the last one seems to 
be the best answer in terms of information conveyed. Given that John 
was pickpocketed one can infer that he had no money^ and therefore^ 



2b 



couldn't pay the check. BuC if told that he couldn^'t pay the cheeky 
or he had no money, there is still a missing causality: why couldn't 
he pay the check? why didn't he have any money ?j\^Ia fact the first 
two answers are poor answers because not being able tb pay a check can 
be inferred from washing dishes in . a restaiTrant, and not having 
(enough) money can be inferred from not being able to pay the- ^ chxick. 
An answer^ which provides the questioner with new information is 
p;:efarable to ah answer which tells the questioner something he could 
have inferred for himself. 



Principle #10: 
The More Inferences an Answer Carries, 
the Better the Answer 



\Jhen 'the memory j>earch finds an answer, it must take into account what 
the questioner can be expected to know on the basis of the question 
asked. The total infpirmation conveyed by an'answer is not contained 
by the explicit answer alone. ^Inferences made by the questioner upon 
hearing the answer augment the explicit answer. An answer ^must Be 
choseij on the basis of the inferences it carries, ' ^ 

1.1.10 State Descriptions 

• '% ^ 

Suppose John is eating in^ a dining car. and* when the train starts 
up, the soup spills. , Something very interesting happens when people 
answervthe question: , . . ^ 

^ ' Q: Where was the soup? 

In an informal experiment, answers to this question nended to say one 
of two things: in a bowl or on the table*V This is very interesting 
when considered in view of everything people know about the setting of 
a dining car and how people eat in dining cars. People can infet that 
the soup was in a bowl, the bovl was on a plate, the plate probably 
rested on a placemat or a table cloth which was in turn on a table,, 
and the table was on the floor of the dining car which was part of the 
train. So with all of this information, why are the bowl and the 
table singled out to describe the location of the soup? 

* • > ^ *• 

Some people will answer the question 'In the dining car.' But the 
answer 'On the train.' is odd, and it is very hard to imagine anyone 
answering 'On a -plate.' There must^ he some rules of locational 
specification which are used to <?iiigle out salient references. But 
what do these rules look like? Suppose there were, a rule which said 
to specify the immediately contingent^ object of containment or 
support. This rule would account for the response: 

Q: Where was the soup? ' * ' 
A: In' a bowl. 



21 
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But it wouldn't account *'o^: 

Q: V/here was che soup? 
A: On the table. \ 



What rule accounts for this a\swerY It is not enough to specify the 
closest supporting object becs?usd that rule would result in: 

Q: Where was the soup? 
A: On a plate. 



The coilceptual rules which guide locational specification must" be 
general enough to work in a variety of settings, la the train example 
it looks like it might be pretty safe to specify the immediately 
coatingent object of containment or location since this rule yields 
one acceptable answer: 

Q: Where was the soup? 
A: In a bowl. 



But suppose John went into the kitchen >^ncji. poured nimself some 
Now answer the question: 



milk. 



r 



Q:. Where did John get the milk? ■ ' 

A patural answer to this question is 'From the refrigerator.' But no^ 
one imagines the milk to be sittingin a puddle at the bottom of the 
refrigerator. There is a milk container of some sort which is the 
contingent object of containment. Yet very few people will mention a 
milk container when describing where the milk Was. So a riile >7Wch 
specifies the objebt of immediate containment will* not produce natural 
answers in all contexts. 

In order to answer questions like these as a person ^woald, we 
must hav^ conceptual representations for objects which tell us that 
the link between milk and milk containers' Is somehow too obvious to 
mention while the link between soup and bowl8*is not. The relational 
notions of containment and support do not seem .to inspire rules of 
retrieval which are both simple and effective in terms of producing 
good answers. A conceptual representational system for physical 
objects must be utilized in the development of simple and .effective 
retrieval rules for locational specif icatiW>. The foundations for 
such 3 representational system wfll be proposed in this thesis- 



> Principle #11: ■ ' 

\ 

A Difficult Retrieval Problem May Point to 
Weaknesses in the Memory Representation 



Sometimes questions, which ask for locational specification must be 
answered according to who is asking the question and why: 



. Q: Where is Deerfield, Illinois? , 
A: 87 54' long* A2 12' laC. 
,k: Near Lake Michigan, about 30 miias^jioixth of Chicago. 
^A: Next to Highland .Park, 
A: On the plaiiet Earth, 

Each of tfife^ above answers is correct, bdt in any .given context some of 
these answ&rs will be useless. If John lives Cn Illinois an^ his 
neighbor. ask^Jhira where Deerfield is, he will probably not apprec^iate 
an answer specYfying the longitudinal and iacicudinai descriptors. 
Chances are he-Hfould find' 'On the planet Earth/ to be an insulting 
answer. Yet ^ there are contents in which each of these answers would 
be appropriaJte* An airline pilot might prefef the first answer, and a 
non-earthling character in a novel might find the last answer to be 
the most raeaninsfol. When people answer questions \they must often 
assess the knowledge state of the person they are addressing. *'Nex£ 
to Highland Park,' is a good answer only if you know uh^re Highland 
Park is. ; 'Rear Lake Mi(*fttgan, about' 30 miles north pf' Chicago,' is 
JLiable to satisfy "Shyone who' hlis- a rough familiarity with the U.S.A. 
'42 12' lac. 87 54' $ohg/ is a good answeir only when a technical 
global specification ^ required. 'On the planet Earth,' is a poor 

answef to anyone who liv^ on earth. ' 

- - ^ ^ ^ •*» " 

/ - --Principle #12:, ^ 

Good Answers Can Involve 
Knowledge State Assessments - ' 

X 

.Jhis probJ.em , of finding a suitable description wlien answering 
locational specification questlons^^ was described by Donald Norman 
{Norman 1972] as the Empire State Building problem (Where is the 
Empire State* Bifilding?). Locational specification qtiestiohs 
illustrate very clearly how answers to questions must strive t|o fill, 
in the gaps of the questioner's knowledge state. 



1.1. li Content Specification 

Somewhere in the question answering process a decision must be 
made about how much information is going to be put into the answer. 
For • that ^matter , the system must be able to decide if the question is 
agoing to be answered honestly, deceptively, sarcastically, or in any 
other of a hundred different w^s. ?or example, suppose questions are 
asked about^ the following story: 

John went to a restaurant and ordered a hot dog^ 
But the waitress said they didn't have any so he 
had a hamburger instead. 

If asked : - • - ' 

Q: Did J^hn eat a hot dog? 
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there are at least tbrcc ways that this question could be reasonably 
answered: 

A: No* 

A: No, John ate a hamburger* 

A: No, John Qte a hamburger because there were no hot 
dogs. 

Each of these answers is correct but each one provid4;:s a different 
amount of information. Some part of the question answering process 
must be sensitive to factors which control the system's disposition in 
terms of reliabilty and relative information content* There must be 
mechanisms which control memory 'x;etfrieval processes and provide 
instructions about how an answer is to he constructed. 



Principle #135 
The Same QUesiion Doesn't 
Always Get t)ie.'Same Answer 



A question answering system must be able to instruct Jts^ retrieval 
mechanisms how to form answers so that tl\e system does not always 
return the same answer to the same question Answers must vary 
appropriately in response to cpntextual and motivational factors. 



1.1.12 Accessing Memory 



When a story is read, a conceptual structure reprea6nting ^ the 
story is generated in memory which encodes events mentioned in* the 
story and inferences made by the reader at the time of understanding. 
(Schank 1974b, 1975b]. This s'^tructurc Is languagatindependcnt, 
existing as a purely *concuptual record of the story. w/en answering 
^questions about a story this story representation is accessed by 
memory^ searches. Question an^yeting is therefore concerned 'with the 
form, of information in memory * and the processes whicii access that 
informati .n. In designing memory representations i<fr stch;:ies^^ some 
assumptions must be made al>out what belongs in a story 
When a story describes qt^ chronologl^cal sequence of 
reasonable to 'assuriie* that the Qvents ^^reserved 
representation should encode pnly information about 
where something that happened 1^ either an event mentioned*' explicitly 
in the story or one which was inferred by the reader. For example, if 
a story says that John ate a hamburger at a^restaurant^-^ the memory 
representation should contain the inference that John ocdered* a 
hamburger, but it shouldn't contain negative information like the. fact 
tiiat John didn't order a pizza. 

When answering questions ^bout a story, the story representation 
which was generated at the time of understanding is examined by memory 
searches. But tliere are times when the story representation by itsel^^ 
Isjiot adequate for finding an answer and more inferences oust be made 
at the time of question answering. For example, if we adhere to the 



repre^^ation. 
eveatsf, it is 
in the story 
what happened. 
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assumption that a story representation should only contain 'information 
about what happened (and what we infer must have happened), then how 
can we go about answering questions which. ask about things that didn't 
happen? • ' ' 

John went to a restaurant dnd ordered a hamburger* 

But the waitress said they didn't have any so John ^ 

left* • • * 



0 



If asked: , 

Q: Why didn't John eat a hamburger? ' ^ 

% 

there is nothing in our story representation whi^ says^ anything about 
eating^ a Hamburger, or eating anything, for that matter* The storyC * 
representation simply recorci's a chain of events Vhich includes , JohiS 
going into the restaumnt, 'sitting down, the waitress coming ^Jveff^ 
John telling her he wants a-hamburger, the waitress telling him there* 
were n^ne, and John getting up and leaving. Yet we should be able to 
-answer this question with a response lik^, 'Because »they didn'tr have 
any.' 



Principle #14: 
Sometimes Inferences, Must Be Made 
at the Time o^ Question Answering 



Some additional inference mechanisms must be invoked in order, tcr 
produce' this answer. If, in the context of this story, we had been 
asked 'Why didn't John swim across the lake? the question wouldn't 
make sense. "nie inference mechanisms 'which are invoked to answer 
these questions \are capable of seeing when a why-noc question makes 
sense by determl^iing if the act in question would have occurred had 
the story taken a different turn. 'Why' dddn't John eat a haraburgerr' 
makes sense becaus.e we expected^ him to eat a hamburger after ^he 
ordered, until the waitress told him there we're none. *But 'Why didn't 
John swiir across tfie lakef' makes no sense in-this story since we 
n.ever expected John to swim across a lak^. 

1.1.13 Constructing Information ^ . * 

People are able to answer many questions by deriving information 
Vhich is not explicitly present in memory for- straightforward 
retrieval. , ^ 

. Q: Who was President when you were entering the sixth, 

grade? / » , ' • ^ 

.Q: .What is '56 t^mes 8? • ' - , ' * 

Q: How far is New York from Boston? . < 

•Each ctf thes^ questions can be answered, but probably not immediately ^ 
The first question may require an associative path from the sixth 
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grade, to your age at the time of the sixth grade, to p>e year, to the 



President. ^ Or perhaps 



ther^ 



was some, event concerning the,, (tfien) 



current President *«bich you know occurred at about the tivle you 
entered the sixth grade, and so ^ou can answer the <|ue3fcio6 by 
remembering that evenu^ The m.ultiplication question is liable to 
require an arithraetii, calculation. And the dis.^ance question may be a 
matter of simple retrieval if you happen' to ''know' that fact. 
Otherwise the answer qould be derived by ^knowing how j.ong it takes to 
drive or fly between to Boston and New Yorkl i "'-^ 



r 



Principle HSi - • . 
You Can't Expect to Always Find 
Exactly What You Had in Mind 



People seem to^pe very flexible iti memory retrieval tasks. When Juiced 
with a questiori llk% » \ 



Q: How many days does- JTuly ha^e? 

many people resort lo a little rhynj^: '30 days hath September! April, 
Jun^, and Novembep, ...' But if you ask someone this question on\the 
31st of* Jiily,- there is-a good chance tliat they will be able to answer 
without resorting to the rhyme if 4:hey are aware oJ5 the date>^ People^ 
.tend to know that no month 'has more than 31 days,*so i*^'a moiith* has at 
least 31 days^, dt must , have exactly 31 day*. * Given that July h^s'at 
least. 31 days, this little bit of reasoning is faster Chan running 
through the arhjme. " ' , * \ 



1.1.14 Finding Only What's Needed J, ^ 

Efficient retrieval entails an ability to recognize wHdn enough 
information has been seen in order to answer the q.uestion. * , Suppose, 
you* have read the following: * • * 

O if 

J \ * 

John boarded the train in Boston l^pnday morning. 

He slept most of tha$ afternoon and had, dinner in 
the* diiiing car*; Th'en he played cards in the club 
car and finally went to bed around 2:00» The . 
train* got into Cnicago after luach the next day. * ^ 

Now i f §sked : 

> 

Q: Hojg long was John on the cra^n? 

you wil.l try La piece together as . accurate an answer as possible. 
Running back over the time line of the story you can^piecp together 
his boarding in •the raonil^ng, the overnight, and the train's ;arrival 
after li»nch in order to arrive at his being, on the train a little over 
a day. 5ut suppose instead you tiad been asked: ^ 
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Q: Did John speiid a week on the train? 

^ *y 

Vbu can answer 'no' tor this, question much /faster ith/n you could answer 
the pr^viotiB question^ This answer JLs easily d^ived from the fact 
that John spent orI^' one night on the train* No (further information 
^"^^J^y^^V memory of: the story is needed to answeAthe-^uestdon. More 
inttfrmation had to.be examined to anwer the^,.first^uestioii than was 
needed for the second ♦ 




rlnciple |16r 



rjSearch Strategy Knows When It. lias'^nElife. Answer j 
Smart H^uri^ics Know When to Quit 



UfWiere We^re Goihg * ' ^ ^ 

The scope of problems involved in designing a question . answering 
system ranges. in a number of directions and covers a tremendous amount 
df terrijfory. Section I.i does not constitute a definitive survey of 
probleami' % it was intended only to aonVey some sense of the issues we 
win address; - ' > 

>^'3rhere 'are many problems in designing a question an^warlng system, 
Thei?*^ problems do ,hot exist in i,«olation Qf one another; soliftions in 
oi^ ar§a often contribute to soltttions,; elsewliere* It is thei-efore 
ffi5>re productive to view the issues from a vantage point which provides 
a g-iobal sense: of the entire question answering process. It would be 
very difficult to devoc^ a chapter to each problem and still describe 
a cohesive picture of question ar^sweritig. For £his reason, a process 
model for question aqswering is described by following a .question from 
the initial understanding of worlds In the question through to the 
fl3nal* iggicajl expression of an Answer. After this fundamental process' 
model is presej^ted, specific are.»s of difficulty jire identified, and 
discussed in-^detatK > 



Within this organization, the problems of the preceding se^ioh 
VM^l be distributed throughout as follows: 



Preface to Interpretation: Understanding Questions 



/ 

iuc^s 



The chapter an overview which introducers the 

processes dnderlying Principles ^1-6. An olt^line of 
the interpretive proce$/5 model is given which describes 
how the issues of vconceptual' analysis, reference 
recognition^ conceptual categc^ries, unde^starrding in 
i^.^ntext, conversational interpretation* and Inference, 
all fit together In the processing of a question. 




Oiapter 2: Conceptual Categories' for Questions^ ^ • ^ 

•Chapter 2, elaborates Principle ^3 and discus^^s 
conceptual categorization. - Thirteen conceptual 
categories are presented and^ the analysis mechanism 
- * # which assigns a category to, a question is described./ 

Chapter 3: Recategorizing Questions by Infereritiai Analysie 

Chapter 3 is concerned vrith Principlec #4, 5, and. 6. 

J , Unders'tarj^lQg in .context, conversational . ' ^ 

interpretation, and inferences * are all .topics in 

inferential analysis, '| ^ 

* * " • * 

Preface to Memory 'Searchfes: Finding an answer 

This chapter is &ti overview of tl,e memory search which 
introduces' the processes unde^^ii^g. Principles ilr.K 
9» and 13. Cojntent specificatidfh^ and the memory search 
strategies oogeded Co produce aft; answer are* ov'itlined 
here. * • ' ' 

i ' . ^ 

•Chapter 4: Content Specif iqation \, 

. " ' V 

■ , Chapter 4 /eflaborates Principle -iSflS and explains how 

^ content^ specification controls' the amount* of 

, information which goes intoJ^n answer* ; 

Chapter 5: Searching >femory . ^ ' . 

^ Chapter 5 describes search heuristics tdr finding an^ 
answer. ' 

V 

Chapter 6: Focus Estkbi:ishment - ' 

-Chapter 6 is concerned' with Principles #7, 8, and 9. 
Knowledge-based interpretation and memory-based 
interpretation is explored heVe\ ^ ' 

Chapter 7: Understanding What Didn^t Happen 

Chapter 7 presents an example of Principle i^i4 by 
describing a technique for accessing memory*. 

Chapter 8: Finding the Best Answer 

. . ' Chapter 8 explores Principles i?10 and 12. This chapter 
is prfraarily cxmcerned with selecting the best answer 
to a (question* 



Chapt^er 9: Conceptual Knowledge of Physical Objects 



Chapter 9 illastratfes Principle #il while exploring 
problems In^ state desdriptlons. A system for 
representing physical objects by decomposition 'Into 
primitives Is proposed* 

/ • 28 ' 



1.2.1 How to Survive th^e Trip 



.Whec^ever or^e confronts a nine course dinner there, is airways ^ the 
danger of |gtting^ glutted before des«|fct or mayfee evet> befor,e*the main 
courses. I?%oraetiraes helps to Jcnow vmat you^re up against before you 
start. I , ' I " . 

It is assumed that the reader' is ^familiar* with Conceptual 
D^g^dency Theory. It. would he sufficient to h^ve r^ad Chapter Three 
of Conceptual Information Processinis [Schahk 1975a}.,^ Chapcer Five of 
Computer Models of Thought and I Language [SchaxxiT'^'^fir^Qlby 1973] 
Appendix 1 reviews-^the primitive ac^zs and causal chain' theorT^^: 
those who feel rusty. \ ^ \^ 

/ It is also assum^^'d that the reader is somewhat familiar with the 
theory of scripts and plans and their, use in s^ry understanding. 
Anyone unfamiliar, with, scripts and plans' should \consult Scripts, 
Hans t Goals ^ and Understanding [Schank & Ab^Isori ""77]. Other 
introdyctory references include; [Schank & Abelson 1975, Schank & the 
Yale AlvProject 1975» Culiingford 1975, , Wilensky 1976, Lehnert 1977^. 
Appendix 2 reviews scripts and plans 'and summarizes the .scriV^':?relaked 
tetuinology used In *this thesis^' * 

If the reader wants a^pnimal overview of the theory, it would be 
sufficient to read the t" prefatory chapters. These pi^efaces serve 
as introductions.^ to the chapters which describe . the baste process 
model. The preface to, interpretation (understanding questions) is 
between Chapters One and Two. The preface ta memory searches (finding 
yan .answer) is between Chapters Three and Four. 

The baste process model is described in Chapters Two through 
Five. A reader wlio^ wants only a basic ihtroductlon to the problem 
could stop after Chapter Five. But anyone interested iu the real 
difficulties will find the more challenging issues discussed in 
Chapters Six t'hrough Ten. 



\ 

1.3 QUALM 



QIIALM is a computational model of question answering. As such, 
there iW a computer program which is aft implementation of QUALM, This 
program! runs In conjunction with two larger systems, SAM and PAM. 
Both r SAm and PAM are comprehensive story und^stahding systems which 
input stlories in ^ngllsh and generate internal memory representations 
for whajt they read. These story representations can then be accessed 
by procefeses^whlch are designed to paraphrase, summarize, and answer 
questions about the stories read. QUALM is i^esponsib,le for^the 
question \answering capadtires ,of SAM and PAM. Both systems are 
modularized so that parsers and generators can be attached for 
<differen£l input and output languages. At 'the moment SAM and PAM 
operate with English input and.. produce paraphrase output in English, 
Spanish, Russian, Dutch, or Chinese. All of the question answering 
done by SAM ^ and PA>1 })as been In English. ' QUAL^ itself is language 
independent*; No changes would have to hQ made to ()UAIM in .order for 
SAM an'^ PAM to understand and answer questions in different l^ingoa'ges* 
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were both designed to 
to the design of' QUALM as 



^T^o experimental programs have been, designed in addition to 
QUAUl. These are ASP (Answer Selection Prdgram) and COIL (Conceptual 

,Objecr.s for Inferencing in* Language) . ' These 
explore speiStfic iss^ues which were- relevent 

* a system ind_Qpendent of SAM and PAM.' 

f< 

, , Asp is a^ismalL interactive system which\ itiputs a question about a 
story along, with '5^-^et; of possible answers. It asks the user to 
dia^al2:terize^ those answers ^ccotding to instructions given bj .the 
program. ASP then picks out^Jhat it considers to be the best answer 
to the question. \ i / 



COIL is a^ larger system; xlesigned "to g'enerafe memory 
rfepresentatlcns for stories and answet a small vaifiety of questions 
about the. stories on the basis of' its memory representi^tion. COIL 
'incorporates a .toy parser, and generator. Problems in parsing and 
generation are j^eriphejtfl to ^ theoretical issues* addressed by COIL. 
COIL was primarily designed to see, how a representational system for 
physical objects could be exploited by inference and retrieval 
mechanisms. 

pUALli ic an independent system which can be attached to ^ny story « 
understanding system generating story representations according to the 
tt^ories of predictive understanding by scripts and plans. Although 
the xcomp4ter imjlementatibn of "QUALM .is limited to the content of 
answering questions dbout stories, the theoretical model goes beyond 
this particular context. ^ a theoretical mode^ QUAUI describes * 
general question aiswerlng, where question answering in its most 
general form . is Jviewed as a yerbal communication device between 
people. ' ^ ^ 

1,4 Computer Jjrograms Using QUALM 

The process mod^i for question answering which is described in 
thi§ thesis is currently/tmpleiiented in two computer programs, SAM and 
PAM. These tvo programis have been designed to understand stories and 
answer , questions about what, they have^^re^d. In the following pages 
are examples of stories whicH have been processed by these systems 
along wfth. questions and answers. The ^tories and questions were 
input in English as the-y appear here,^and the answers given here, are 
the actual English-generated responses which were returned by i&he 
c computer. * - * 

In all cases, the system first reaas the story one sentence afc> a 
time and generates a memory representation for that story as it read8<, 
When the stpry,has beep completed questions are asked. Each question 
is processed and answered before going on to the next one. 

The last two programs, the Answer Selection program and COLL, are^ 

ejqjerimental systems which were designed to explore issues raised by 
'QUALM. 
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1.4.1 SAM ■ * . 

SAM Kas developed by tfie Artificial Iiuielligence Project, at Yale. 
It processed its first story in 1975 and has beep^ undergoing continual - 
expansion ever since. The actual programming' of SAM has relied on the 
persistent efforts *of many: Richard Culling fOrSV'Ge raid DeJo;?ig, Leila 
Habib, James Meehan, Richard Proudfoot, Christopher Riesbeck, Walter 
Stutzpaan, and Robert Wilensky. " * , • , 

The following stdries and question answering dialogs r.^present^.*^^^ 
actual input and> outpAt. The stories and questions were read by th6 * ' 
system just as they appear here. The answers are the exact English 
outputs generated by- SAMi^ 

/ : ' ' " .■ ■ ■ 
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John went to a restaCirant. The hostess seated Jbhn. The hostess gave 
John a menu. The waiter came to the tabled/ John ordered a lobster. 
He was served quickly ♦ He left a l^arge tip. He Teft the restaurant. 



Why did John go to the restaurant? 
SO JOHN COULD 5AT A MEAL, 



Did John go to a' table? 
SoHN WENT to' A TABLE. 



Wliy did John go to a table? 



SO JOHN COULD SIT DOWN IN A CHAIR. 



Did the waiter *giv^ John a menu?' 

JOHN GOT A Menu from the hostess;, 

Who gave John a menu? , 
JOHN COT A MENU FROM -THE HOSTESS. 

Why did the hostess give Jqhn a raetiu? 
^ SO JOHN COULD ASK THE WAITER FOR A MEAL. 
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Iftat happened when the hostess gave John a menu? 

JOHN READ THE MENU, THE WAITER SAW THAT JOHN WAS AT THE 
TABLE, THE WAITER REM TO THE TABLE. 



Did'Jo^n enjoy the lobster? 
M. I DOI^'T KNOW. ' 



Did the' waiter give John the check? 
JOHN GOT tHE CHECK FROM'^THE WAITER. 

Why did John l^ave the waiter a large tip 



9 



PROBABLY JOHN REMEMBERED THE WAITER^ SERVED JOHN A LOBSTER 
.QUICKLY. ^ r ^ . , 



Did John pay the bill? 
-JOHN PAID THE CHECK. 



Why did John pay the checH? 
^ SO JOHN COULD LEAVE THE RE'STAURANT. 



4 

r 

V 

John went to a restaurant. He sat down. He- got mad* He left. 
Did a waiter come to the table? ? 

• 9 < U 

NO. 

♦ 

Did' John order? 
NO. 
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John went to New York by. bus. On the Ijbs he talked tjo can* ol.d lady, 
-When he le£t the bus, he thanked the driver.*' He took the subway to 
Leone 's.% On the subway his pocket was, picked. He got off jthe train 
and entered Lecne's. He had some lasagna. When the check came, he 
discovered ; he ccTuldn' t pay. The .management trld him he would have to, 
wash dishes. When he left, he caughtri a bus to New Haven.' 



Who went to New Yprk? 
JOHN WENT TO NEW YORK. 



Why did John go to New York? 

BECAUSE JOHN WANTED TO GO TO LEONIS'S* 

Why did John go to Leone's?' 

BECAUSE JOHN WANTED TO HAVE SOME LASAGNA*. * 

< - 

How did John get to New York? 
' JOHN TOOK A BUS TO NEW YORK. 

Did a^thief pick' John's packet? 
A THIEF PICKED JOHN'S POCKET. 

Did John order lasagna? 
JOHN ORDERED LASAGNA. 

Did John eat a steak? 
NO, JOHN ATE LASAGNA. 

What did John eat? , , ^ 
JOHN ATE LASAGNA. 

Did John order lobster? 
NO, JOHN ORDERED LA5AGNA. 
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Did John eat lasagna? 

r 

JOHN ATE lASAGNA. 

Did Joha pay the* check? 

NO,*. JOHN^piDN'T HAVE ANY MONEY. 

Did John leave the. waitress' a tip? 

•* 

KQ, JOHN DIDN'T HAVE ANY"MONEY. 

-\ ■ ' . ■ ■ ■ 

Did\Jol\n leave leone's? 
JOHN LEFT. LEONE 'S, 

Why did John take the subway frop Leone's? 
SO JOHN COULD TAKE A BUS TO NEW HAVEN, 



How could John take the subway from Leone's? 
PROBABLY JQHN HAD A TOKEN. 



How did John get to Leone's? 

JOHN TOOK A BUS TO NEW YORK AND THEN HE TOOK THE SUBWAY TO 
LEONE'S, * • . . ' 



Did anything' unusual happen on the bus? 
I DON'T REMEMBER ANYTHING. 

Did anything unusual happen on the subway? 
A THIEF PICKED JOHN'S POCKET. 

What did John order? 
JOHN ORDERED LASAGNA*. 
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Who g'ave. Jo|in a menu? 

THE WAITRESS GAVE JOHN A MENU. 
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Did anything -ynusual happen at the restaurant? 

JOHN DISCOVERED THAT HE COULDN'sT PAY THE CHECK AND SP HE HAD 
TO WASH DISHES. 

Why couldn't John pay the check? '""^ 
BECAUSE JOHN DID NOT HAVE AN'^ MONEY. 

Why didn't John have any money? • , 

BECAUSE A THIEF PICKED' JOHN'S POCKET. | 

How did John get back to New Haven? y 

JOHN WENT FROM LEONE'S BY SUBWAY AND THEN HE WENT TO NEW 
HAVEN BY'* BUS. " • 



How was John able -to take the bus to New Haven? \ 
PROBABLY JOHN HAD'A TICKET. 



John went* to a restaurant and the hostess gave him a menu. . Vhen he 
ordered ' a hot 'dog the wa^itress said that the}- didn't have any. So 
John ordered a Hamburger instead. But when.tne hamburger came^ it was 
S9 burnt that John left^ ' ^ ^ . 



Did the waitress give Jolin a menu? 
NO, THE^ HOSTESS GAVE JOHN A MENU. 



Did John order a hot dog? 
YES. 



Did John eat a ot dog? 

NO, THE WAITRESS TOLD JO li^ THEY DIDN'T HAVE ANY HOT DOGS. 
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\ 

What did the waitress serve John? * 

THE WAITRESS SERVED* JOHN A HAMBURGER* 

J" 

Why didn't John eat the haraburgc? 

BECAUSE THE HAMBURGER WAS BURNT; * • • 

Was John angry? 
PROBABLY. 

Why dida- 1 John pay the check? 

JOHN WAS ANGRY BECAUSE THE HAMBURGER WAS BURNT AND SO HE- 
LEFT. . - ' 

Why didn't John eat a hot' dog? 

BECAUSE THE WAITRESS TOLD JOHl^ THEY DID NOT HAVE ANY ^ HOT 
DOGS. 



What happened when John ordered the hamburger? 

THE WAITRESS GAVE THE ORDER TO THE COOK, THE COOK PREPARED * 
THE HAMBURGER, THE CpOK GAVE THE HAMBURGER TO THE WAITRESS, 
THE WAITRESS SERVED JOHN THE HAMBURGER. 



What happened when John ordered the hot dog? 

THE WAITRESS TOLD JOHN THEY DIDN'T HAVE ANY HOT DOGS. 



Friday evening a car swerved off Route 69. The vehicle struck a tree. 
The passenger, a New Jersey map, was killed. David Hall, 27, was 
pronounced dead at the scene by Dr Dana Blauchard, medical examiner. 
Frank Miller, 32, of 593 Foxon Rd, the driver, was taken to Milford 
Hpspital by Flanagan Ambulance'. He was treated and, released. The 
. p'Sssenger was extricated from the vehicle by the Branford Fire 
Department. No charges were made. Patrolman Robert Ono*frio 
investigated the accident. t 
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1.4.2 PAM 
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Was anyone killed? ' " 

YES, DAVID «ALL DIED. ^ . ' . 

Was anyo'ne hurt? 
YES, FRANK MILLER WAS SLI^ITLY INJURED. . 

Why was Frank Miller hurt? 

BECAUSE THE AUTOMOBILE ^HIT THE TREE. 

Did Miller .go to the hospital? 

" ^. ^)^ • 

YES, HE WAS IN THE MILp^p HOSPITAL. 

-J. - 

How did Miller get to the hospital? 

THE FLANAGAN AMBULANCE COMPANY'^ TOOK HIM TO THE MILFORD 
HOSPITAL. . >^ 



. PAM was developed by the Yale Artiffcial Intelligence Project in 
1976. The actual programming of EAM has been primarily the work of 
one person: Robert Wilensky. Supporting programs lo/ PAM were 
handled by Gerald DeJong/ Christopher Rlesbeck, and Walter Stutzman. 

The followlJn^'^torles and question answering dialogs represent 
verbatim Input ^i\a* outputs * ^ 



/ 

> ' 

John loved Mary but she didn't want to marry Kim. One day, a dragon 
stole Hary from the castle. John got on top of bis horse and killed 
the dragon. Mary agreed to marry him. They lived happily ever after. 

^ Why did John get on his horse? 

BECAUSE HE WANTED TO BE NEAR MAR\. 
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Why did Mary aaree to oarry John? 

BECAUSE SHE"tf AS "Indebted -TO him. 

♦ 

,Wiiy did John kill the dragon? 
' BECAUSE HE WANTED MARY XO NOT DIE. 



John disliked his Job as the bank janitor. One day, a:?thief r.ried to 
^rob the bank. Julm Jumped on the, thief and knocked him olit. The bank 
president made John the bank guard • John enjoyed his new ioo.^ 



Why did John knock the thief out? 

BECAUSE HE WANTED THE TiJIEF NOT TO HAVE THE BANK'S-. MONEY. 



Why did the bank president nake John the bank guard? 
BECAUSE THE BANK WAS INDEBTED TO JOHN. 



i,A.3 ASP * ' ^ / 

h / / 

^ ASP is a small program which was designed* in -^1975 to investigate 
theories concerned with finding the best answer to a questiqn. Its* 
implementation required no efforts outside of my own. ASP^ is, given a. 
set of answers to a question about a story and ASP tries to^^elect tfte 
best answer. ASP makes its decision byf^sking the user jiq respond yed 
or no to a sequence of questions about the answeri^ provided • ASP has 
no memory represe itation for the story and no ,undersf:anding of ^the 
qu^tion or the answers given. It chooses an answQ.r on the basis of 
selection rules wiiich respond to the yes or no answcfrs of - the usen. 

The following dialog represents ^n interactive session with ASP* 
ASP has the answers it was given stored in meiiory as lists so it car. 
ask questions about pairs of answers b> combining those^.questions with 
fixed connect Ives « 
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Story Context: 

One raomlng John noticed that his ^oj> uds having trouble walking* 
That afternoon he* took it to the vet. 



Q: Why did. John take his dog to the vet? 
Al: '^It was sick or injured. 
A2: It wae having trouble vaikins* 
A3: He wanted tp oake it well. 



^jrfte following dialog represents an interactive, session with ASP. For 
this execution ASP has been given the lexical answers Al, A2, and A3, 
as initial input to the pro^^ram. 



***** Interactive Session Begins ***** 

/■ ^ . 

( 

ASP: GIVEN THE COOTEXT OF THE 5T0R\, CAN EITHER 

He wanxed to make It well « 
OR A 

'^It was aick or Injured 
BE INFERRED FRO>! ONS ANOTHER? 

User: YES 



2d ... 



ASP: DOES, n MAKE SENSE" TO SAY 

. He wanted' to make dt well ' 
BECAUSE 

If was hoVlng trouble walking? 

User: YES 

ASP: DOES IT MAKE SENSE TO SAY ' 
*■ 

•He wanted to Taake it well 
•AND HE KNEW THAT 
It was having trouble walking? 



Oser: YES 



^ ASP: THE BEST AliSWER IS BECAUSE 

\ - • 

It was having trouble walking 



COIL 



*COIL was developed at the Xerox Palo Alto^Rese^ch Center during 
the' summer of 1976. It -was written in an experlmer»tal implementation 
of KRL (Knowledge Representatioil Language) which was developed . by 
Daniel Bobro^ and Terry Winugrad'^t'Bobrow & Winogtad (977]. 

Unlike SMi and PAM which answered all o£ their questions after 
•reading an entire story, COIL interrupts the input ^tory to answer 
questions. V - . 



John picked up a yiewspaper. He went from the hall t.nto the kitchen 
and got some milk, 

Where die* John come from? 
THE UALL. ^ • 
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Where did the TBilk coae from? 
THE REFRIGERATOR. 



But Che oilkcarcon i?as empty so he chrew it out« 

Where did the miJkcarton go Co? 
T«E GARBAGE BAG. 

Why did John throw the milkcarton Into garbage bag? 
BECAUSE THE HILia;AHTON WA5 EJIWY. 



He turned on the light and radio* Then he listened to ouslc and read 



Where did the mtJBic cctae from^ 
THE RADIO. 



W>at did John read^ 
TJit NEWSPAPER. 

WIty did John turn on the ilghf^ 
SO HE COUlO READ THE KEUSPAFER* 



4 

Whv did John turn t\\^ radiw* 



S*) HE COULD HEj^ THE HUSE(.* 



41 



Preface to Interpretation: Understanding questions 



0. Introduction 

QUALH can be split up into roughly two fund^entM processes: 
understanding the question and finding an answer • In Chapters Two and 
Three we will describe those processes of QUALM which are devoted -to 
understanding questions* Questions aye underst6)od on different 
leveJ.s, and complete interpretation ^n preliminary levels must take 
place before ^the more comprehensive interpretation of subsequent 
levels oan be attempted. 

1. Four Levels of Understanding 

* * « 

All questions must pass through four levels of interpretive 
analysis before a memory search can begin to look for an answer. 
Interpretation on one level roust be completed before interpretation on 
the next level can begin.' Tl^e four successive levels are: 



The first interpretive process, parsing, is the only one which, is 
language dependent* Internalization, Conceptual Categorization, and 
Inferential AQ^Iysls all ' operate within Conceptual Dependency^ a 
language-independent meaning representation ISchank 1975a]. This 
means that c^uestions in any language can be processed by changing only ' 
the parser.* English questions require an English parser, Russian 
questions require a Russian parser ♦ and so forth. But the other 
interpretive modules wiiich perfbrm loternalizatlont Conceptual 
Categcrl»atlon» and Inferential ^alysi^, do not have to be changed to 
accommodatfe questions in different languages. If an English" parser 
wercT replaced by a Russian parser, the oth^r interpretive modules 
would require no adjustment in order to function with the new parser. 

Of Che four ^ncerpretlve processes, only the last two, Conceptmil 
Categorisation aiid Inferential Analysis are concerned solely with 
questions. The Conceptual Parser and Internalization programs are 
general language processing mechanisms, designed to deal with 
declarative statements as well as questions. These first two levels 
of Interpretation *re actually a front end for QUALM; they are not, 
strictly speaking, a part of QUALM. In fact, these analysis programs 
were independently developed long before anyone thought about applying 
rhc^a to the task of question answering. Christopher Rlesbeck has bocn 
refining his Conceptual Parser (ELI) since its original implementation 
in 197/4 [Rlesbeck 1975, Rlesbeck h Schank 1976). Versions of the 
Internallxatlon program (HEMTOK, TOR) have been operating since 1973 
as a part of the SAM system (Cullingford 1977). 

To understand the Interpretive processes within QUALM, what they 
do and how thev do it, it is not necessary to know how tlje Parser and 
Internal iz^rjt Ion programs vork. But for the sak<? of an overail 




(1) Conceptual Parse 

(2) Memory Internalization 

(3) Conceptual Categorization 
(^) Inferential Analysis 
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picture, we will take a little time to explain what they do (and don't 
do) 3o the reader will have some sense of the ^ entire ^derstanding 
process which begins with a string of words ending. xu a question mark. 

2» The Conceptual Parse » . 



When a question passes through the parser it is translated into a 
conceptual meaning representation, Conceptual Dependency. Once the 
Conceptual Dependency representation^ for a question has been produced, 
that conceptual representation ls*all the system needs to work %/ith 
fron/ that point on. None of the processes which follow require' 
knowledge af what words or syntactic constructions were in the 
original lexical question.. 

* ♦ 

The Conceptual. 1?ependene'y representation of a question generated 
by the parser constitutes one level of question interpretation. 
Understanding of th^ question on this level is generally a literal or 
naive understanding;. For example, the parser will understand: 

Ql: Can you t^l me where John is? 



to mean 'Are you capable of telling me where John is?' If' the 
interpretation ended here we would have no way of knowing that this is 
probably a request for information about Johns's location. The person 
asking Q^l wants to know - where John is. He will probably not be 
satisfied to find out that the one he is addressing is merely capable 
of saying where John is. But the parser cannot know that. this 
question is a request for information. As far as the parser is 
concerned, v^I is a slaple inquiry about whether or not the listener is 
capable of telling the questioner the whereabouts- of . John. Higher 
memory processes within the interpreter. must be summoned to complete 
the interpretation of this question in order to arrive at the intended 
meaning of Ql* 

This does not mean that the parser is operating in Isolation of 
general world knowlaige, context, or highei memory processes. On the 
contrary, parsing strategies often interact with other memory 
processes In- order to arrive at the correct interpretation of verbs 
and nouris (Riesbeck h Schank 1976]. For example, if the parser . is 
processing the sentence 'John walked into jt restaurant and ordered a 
hamburger,' the parser will receive from the Script Appller a 
preferred word sense for the verb 'to order' which predicts that 
'ordered' in this sentence m**ans to communicate a request for a meal 
(instead of issuing a command or establishing a sequential arrangement 
of some sort). This preferred sense of the verb established before 
Che pars&r even gets to the object of the verb, the hamburger. 

Tlie parser Interacts wirH concexcual memory processes primarily 
for the sake of anticipating correct word senses. Suppose two peoplt? 
meet on the street and one ask& the other: 





Tne parser w^ould undcfaiund th/it this question ih equivalent to 
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Q3: Do you have in your immediate possession an^ object 
which is capable of producing a fl^me? 

If* Q2 had b::en asked ip the context of two car mechanics working on a 
car engine in a garage, the parser would be capable of understanding 
that Q2 is equivalent to asking: 

Do >oa;have in your immediate possession an object 
\ which is capable of producing light? 

The parser would-'pick up a different sense of the word 'light' from a 
car mechanic sQript, It still doesn't understand the request aspect 
of zhx^ question, but it does receive word ^ense priorities from script 
applier proces$es which keep track of ciirrently active scripts. The 
parser is sensitive td • context in its conceptual analysis of 
statements and questions. But it is not capable of total 
understanding. 

Complete understanding of q2 recognizes this question to be a 
request for a lit match or lighter. This understanding is accompanied 
by a strong /expectation that the questioner .wants to ligl^t a 
cigarette. ^Och a level of predictive understanding can only be 
achieved by ^ol'ccesses which have knowledge "about questions afid why 
people ask them. The parser does not have access to such knowledge'. 
A correct^ narse of a question signifies the first level of 
understanding on which all subsequent interpretations are based. The 
proper ^nceptual parse of a question may not represent the intended 
meaning' of that question; but when the parser's * interpretation is ^ot 
correct, it is. better described as ^n incomplete interpretation rather 
than a wrong Interpretaxion, 

3. Memory Internalization 

All sentences and questions must pass from an initial parse to an 
internalized parse. An internalized parse is a rewriting of the 
initial parse which substitutes pointers to memory tokens for all 
nominal references In the conceptualization. For example, the initial 
parse of the sentence 'John went to a restaurant,' will place in the 
Actor slot the word JOHN. When this conceptualization is 
internalized, memory* is consulted to find out if previous processing 
has already established a' memory token for a human with the name John. 
It so, JOHN is replaced by a pointer to the memory token already 
established (say GNOul). If no previous reference to someone called 
John has occurred, memory will find no token for John and one will 
have to be created. In either case, the word JOHN will be replaced 
with a pointer to a memory token. When all nominal references in the 
initial parse have oeen replaced with pointers to memory tokens, we 
then have an internalized parse of the sentence. 

The Internalization process establishes nominal referents and 
Integrates r^w Information into memory token descriptions of object 
and people. Vot example, newspaper stories often begin like: 

' o hn Do e of ^blb La ke wo od Dr iv e , B 1 np, ham , <i 
construction worker, was killed yesterday wtien ... 



The Internalization program^ is responsible for creating a memory token 
and organizing properties within it: 

GOOOl: 

ISA « Human 
First Name « John 
Last Name «= Doe 
Sex = ifale 
Age « >18 yrs» ' 

Occupation = Construction Worker 
Street Address » 4616 takewood Drive 
City Residence •« Bingham 
Date of Death « 18 April 1976 

If further information were given later on in the article (he had a 
wife and a son), these new facts would have to be added to the memory 
token for John Doe during Internalization. Internalization would also 
be responsible for recognizing that; any references to 'the deceased,' 
'Mr. Doe,' or ''Mrs. Doe's husband/ are in fact references to the 
same memory token. 

Sometimes Internalization require's accessing knowledge 
structures. If after hearing 'John went to a restaurant,' the next 
sentence is 'He ordered a Jiamburger,' the initial p^rse will fill the 
Actor slot with HUMO where HUMO has the properties of being human and 
male. When this pa-rse is JLnternalized , the restaurant script wh'ch 
was activated by the' first sentence is accessed to see if any of tne 
conceptualizations predicted by the script applier match the current 
input. In this case a match would be found, and the match tells us 
chat the actor of the current concept, must be bound to the role of the 
patron in the restaurant script. If someone orders food in a 
restaurant, we expect that someone to be acting in the role of a 
restaurant patron. During the processing of the first sentence, the 
memory token for John was bound to the patron role. In this way the 
pronominal referent in the second sentence is determined to be John. 
HUMO from the initial parse is then replaced with a pointer to the 
memory token representing John. * ^ 

Problems in Internalization affect ques\:ion answering whenever 
references must be correctly recognized. Some question answering 
problems which are related to Internalization will be discussed in 
3-1.3.3.^ But for the most part, QUALW is independent of 
Internal lzat;ion processes. For a description of the Internalization 
program wiiich is used by SAM and PAM^ jee [Cullingford 1977)^. 



Throughout this thesis conceptualizations in Conceptual Dependency 
presented as illustrations will be written in graphic form, with 
components as they would appear after the intial parse, before 
Internalization takes place. This is done at the expense of technical 
correctness ^or the ^ake of the reader, who I assume feels more at 
home with JOHN than GOOOl'. 
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4. Conceptual Categorization 

Conceptual .Categorization is performed by the Question Analyzer. 
The Question Analyzer takes the internalized parse of a question and 
decomposes it into two descriptive components: a question concept and 
a conceptual * question category. For example, the question: 

Q5: Did John hit Mary? 

has the conceptual question category 'Verification' and a question 
concept representing 'John hit Mary . ' Question^ concepts are 
represented in Conceptual "Dependency and are derived from the V 
internalized parse of the question according to lules developed for 
each question category. 

There are thirteen conceptual categories for questions* The 
Question Analyzer recognizes which category a question belongs to by 
running the question through a series of tests which function like a 
^simple discrimination net (Feigenbaum 1963]. For example, Causal 
Antecedent questions hre recognized by a test which checks for: 

1) a causal chain construction 

2) the causal link = LEXdTO 

3) ail or part of the leading conceptualization is unknown 

^Conceptual question categories, the rules used to identify the 
conc'eptual category of a question, and the rules used to extract 
question concepts, are all described in Chapter Two. 

5. ^^Inferential Anaiysis 

t 

Very often the correct interpretation of • a question involves 
understanding in terms of Inferences. These inferences may rely on 
assumptions about the questioner's desiifes or goals, assumptions about 
what the questioner dpes and does not know, and assumptions about what 
is really being asked. 'All inferences of this sort are* the result of 
higher memory processes whicl\^ examine the question concept and its 
conceptual categorization in an ifef fort to understand it beyond its 
literal meaning. 

For example, if John is packing for a business trip and he asks 
his wife: 

Q6: What haven't I packed? 

His question is inferred to mean: 

Q7: \i/hat haven't I packed that I should have packed? 

Without this additional interpretation, Q6 will admit all sorts of 
ridiculous and useless answers. 

\r\ a similar way, many requests are recognized only after 
inference processes are invoked* For example: 
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p Q8: Why don't you get Mary a drink? 

can easily be meant as a request: 

> 

Q9: Would you get Mary a drink? 

rather than as an inquiry for reasons behind not getting a drink.' On 
the other hand, " 

QIO: V/hy don't you feel angry? 

makes little sense as a request: 

Qll: Would you (please) feel angry? 

Inferen.tial Anal>>^is ^contains the inference processes which are 
essential to understanding what the .questioner really wants to know. 
Without this understanding, raany.seeraingly simple answers cannot be 
produced. Without Inferential Analysis of questions the following 
exchang^e would be imppssible: 

Q12: Does it snow' in Portland? 
^ A12:* ^aybe once every year or two. 

If no inference-based interpretation is allowed, the information given 
in A12 would have to be painfully extracted: 

Q13: Does it snow in Portland? 

A13: Yes. 

Q14: riow often? ■ 

A14-, How often what? ^ ^ 

- Qt5: How often does it snow in Portland? 
A15: Maybe once every year or two. 

c 

If a system had no capacity for the inferential interpretation of 
questions, question answering dialogs would progress slowly and 
deliberately like the one above. Rules for Inferential Analysis of 
questions aro described in Chapter Three. 

In Figure 1 the interpretive processes of parsing, conceptual 
categorization, and inferential analysis are outlined. A sample 
question (Do you have a dime?) is parsed into a Conceptual Dependency 
representation which is equivalent to the q-Uestion Do you have a dime 
in your immrdiate possession?' The Question Analyzer (Chapter Two) 
then categorizes this question as a Verification question and extracts 
a question concept (You have a dime in your immediate possession)*. 
Inferential Analysis (Chapter Three) then recategorizes the question 
as a Request and reinterprets the question to mean 'Will you eive rae a 
dime? ° 



•47 



- 36 - 



Do you have dime? 
(English question) 



PARSER 



*7* 



DIME ^ IS POSSBY(YOU) ^ 
(Conceptual Representation) 



i 



QUESTION 
ANALYZER 



VERIFICATION 
(Conceptual Question Category) 



DIME ^ IS POSSBY(YOU) 
(Question Concept) 



INFERENTIAL 
ANALYSIS 



REQUEST 

(Conceptual Question Category) 



YOU ATRANS DIME < 



(Question Concept) 



{ 



> ME 



< YOU 



'Literal' Understanding 
of the Questio^l 



Conceptual Categorizatictn 
Predicts 
Subsequent Processing 



Complete Understanding 
of the Question by 
Inferepce 



Figure 1 
Stages of Interpretation 
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CHAPTER 2 



CONQEPTUAL CATEGORIES FOR QUESTIONS 




Toiis chapter describes the Question Analyzer within 
QUALM. The Question Analyzer examines the conceptual 
parse of a question and assigns a Conceptual Category 
<o that (question. 

Ql: Why did John kill the dragon? 

is a 'Causal Antecedent" question which could 
answered with either: 

^ Ala: Because the dragon took Mary. 
Alb: To save Mary. 

But if QJ were worded a little differently, it ^would 
fall into a different Conceptual Category: - 

Q2; For what purpose did John kill the dragon? 

Q2 is a 'Goal Orientation' question. As such, it doL^ 
npt elicit the same kinds of answers as a Causal* 
Antecedent question. Q2 can be appropriately answ^j^ed 
with Alb, but Ala is no longer a good answer: 

Q2: For what purpose did John kill the dragon? 
Ala: Because the dragon took Mary. 

Conceptual Categorization recognizes essential 
conceptual differences iu questions. These 
differences are ultimately reflected by the types of 
answers whi'cl^are appropriate for a given question. 



2.0 Introduction 

In grammar school textbooks questions are often categorized 
lexically. There are who--questions, what-questiofts, where-questions, 
when-questions , why-questions, did-questions, and how-questions^ 
Sometimes questions are categorized in terms of the grammatical^ part 
of speech which will provide an answer. So ^*there are nominal 
questions and adverbial questions. A special case of answer-oriented 
categories are yes/no questions. These familiar/ categories do not 
constitiute a comprehensive system and are not motivated by anything 
greater than a desire to have a few general descriptive devices. 

Lexi^cal question categories seem to exist primarily for the 
purpose of textbook exercises. They are also used to describe parts 
of speech: e.g. an adverb is a word which answers a where, when, or 



43 



how-questifeY**-" - But. lexical ^ ^question typing .vhas^v one indisputable 
advantage: everyone*^ c!^an understand J:nthat ^/^ho-question is any 
question which begins with '^the word who. The ' concepts are 
sufficiently obvious to be universally understood. As long as ^^these 
categories ar^ intended to function descriptively for a gejaeral and 
non- technical aiidience, lexical typing is an effective *and adeqaa*"te 
system. In fact, throughout this thesis references to lexical 
categories of questions will be found in spite of the fact that these 
lexical categories are not recognized by QUALM and are not useful from 
a processing point of view. 

— * * 

In this chapter a^system of thirteen conceptual categories for 

question^ is presented #^ Subsequent references to question types will 

descxribe ' questions accd^ding to this /:onceptual category system 

whenever the technical process model is being discussed. When a 

non-technical reference is ^dmissible, lexical categories are used ^or 

the sake of readability. If\ the reader has a passing familiarity with 

Cpnceptual Dependency decomyositions [Schank 1972, 1973b, 1974a, 

1975a] , the relationships between lexical and conceptual question 

categories should be grasped wimi little difficulty. 

When formulating a processX^model for question answering, a 
category system for questions ni^st be descriptive in terms of that 
process model. If a given question falls into a particular category, 
that should tell us something about .the processing which the question 
must undergo. To see how lexical typing fails in this respect,- 
consider all the 4iff**-rent kinds of ^ow-questions there are: 

Quantity 

Ql: How long is this? 

(What is the length of this?) 
Q2: How often does this happen? 

(Whiat is thr frequency of this occurrence?) 

Ql a,nd Q2 are quantification questions. Each of these questions ask 
^for a description of quantification requiring a measurement in units. 

How long is this? - 14 inches. How often does this happen? - Once 

every week or two. The units of quantification do not always have-to. 
' be explicitly referenced. If Q2 is answered 'C';iidom,' this answer ' 

must be interpreted against some norm of frequency. 

Relative Description 

q3: How intelligent is John? 

, (What is the relative intelligent of John?) 
Q4: how wet is your coat? 

(What Ic the relative wetness of your coat?) 

Q3 and Q4 are relative scale questions. These questions ask for a 
description along - me scale (say -10 to 10) where there is a norm 
dependent on the nature of the property. While some people might 
chose to quantify intelligence in terms of IQ points, it is also 
acceptable to describe relative intelligence with terms like 'very 
bright/ or 'a little slow,' where these descriptions Implicitly 
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reference some assumed norm against which a comparison is being made. 
Attitude 

Q5: How do you like New York? ^ 
"^What are your feeling? about New York?) 

Q5 ask^ for an attitudinal orientation. This question could be 
answered by sjpecifying virtually any attitu4e imaginable: I hate it, 
I love it, 1 am totally unaffected by it, I try not to think about it, 
• I wouldn't wish it on a dog, i -an't wait to get out, J've found my 
niche, etc. etc. Appropriate answers to 'this question ate more 
flexible than relative scale specification. 'I can't wait .to get 
out,' tells us that the answerer expects to leave someday in addition 
to the fact tha^t he has a negative attitude toward New York. 

Emotional/Physical State , . . 

Q6: How do you like your eggs? 

(What physical state do you prefer your eggs in?) 
Q7: How is^Jdhn? 

(What is th& emotional/physical state of John?) 

Q6 and Q7 ask for state descriptions. Eggs can be over-easy, 
sunny-side-up, peached, fried, or scrambled. John could be J^ust fine, 
on the critical list, morbidly depressed, euphoric^ ^r'he could hav^ a 
slight cold. Very often answers to questions like thir combine causal 
information: 'He is depressed cioout the stock market/ or 'He is 
excited about the new house.' 

Enablement 

Q8: How were you able to buy this without money? 

(What enabled you to buy this?,) 
Q9: Hew did you get here so fast? 

(What enabled you tcKg^rive faster than 1 expected?) 
QIO: How could you hear what he said? 

(What enabled you to hear him?) 

Q8, Q9, and QIO ask about enabling conditions. Some state or act was 
a necessary enablement for the acts in question. 

Instrumentality 

Qll: How did you get here? 

(By wh^c means did you ^ orae here?) 
(^12: How did you send word to hira? 

(By what means did you comrai:nicat^ to hira?) 

Qll and Qi2 aiJfr about the instrumentality of the acts (in questiot*. In 
Qll some cransportational conveyance is sought anb Q12 asks for a 
vehicle of communication. 
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Causal An tecedent ' ' 

.. - ^ 

Ql3s How did the giask break? 

(What caused the gla§8 to 'break?> 

* 

Qi3 Is asking for a causal antecedent • Something happened which 
caused the glass to breaJc'dt was dropped, hit ft thrown, or crushed. 

Instructions 
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914: How do I get to your house? 

(Would you give oe instructions to your house?) 
Q15: How do yoii get service around here? 

(What do you have to do Co get^service here?) 

QU and Q15 ask for ijistructlons. Answers to these questions often 
Involve describing a chain of actions which must be.execuced in 
sequence. c f 

The memory searches which will find answers to these questions 
vary considerably. Quantification questions require an examination of 
object properties in terms of a numerical measurement. Relative scale 
questions require a description relative to some norm on a comparative 
scale. Attii:udinal orientatijon and state descriptions may be 
combinations of' relative state scales and other 4nforraation. 
'Enablement questions require an examination of events' which* are 
causally relateci to the conceptual event in question. Instrumental 
questions ask for descriptive specification of events simultaneous * in 
cirae with the act in question'. Causal antecedent questions require 
knowledge of causal responsibility, and procedural specification 
questions rec^lre retrieval of instructional Information* 

A useful taxonomy of questions would predict. the kinds of memory 
searches needed to answer any giv^n question. It would also be useful 
if Question categories determined which inference. mechanisms have to 
be invoked for a c^lete interpretation of the question. \ question 
cat ory should prdaict the processes whiih are needed to understand 
and -answer questions falling In that category. 

In order to be useful as a predictive mechanism whiclf effective) y 
gulden processing, categories must bj^^slgned to questions before 
higher memory processes are summoned foJ £ux:ther interpretation and 
memory searches. This means that a^question tj^egory should describe 
its members in some manner which will allow us ta assign the correct 
category to a question 5,^s soon as posslbld^. 

The earliest point which categorization could take place Is 
before the question is parsed, while the question exists only* as a 
lexical entity. But we have seen that lexical ^ca^egories are too 
misleading for process model predi..cions. So we cannot expect to 
assign question categories before me question has been parsed. This 
should not be viewed as a loss. The parsing processes for questions 
rely on the same predictive merhanisms which are applied to 
declarative statements (Kiesbeck^^ ^975, 19^6). The parser would not 



beneflc from knowing that the question ix was li^orklng on fall into one 
.question category or another. Eat after the parse ot a^ question is 
cocjpi6ted» the conceptual question is ready for 'higher. Interpretive 
mdaory processing, A question category should be recognized* before 
tne higher " njemory processes are' invoked, ' Therefore question 
categories should be assigned immediately after a question in parsed*' 

In QUALM question types are assigned as soon as the parse is 
completed and a Concepttial Depen^eucy representation has been produced 
for the question. Categorizing a question tu the first task of the 
interpreter. 

v^UaLH uses thirteen conceptual question categories: 

1) Causal Antecedent 

i) Goal Orientation 

3) Enablement . 

A) Caasai Consequent . ^ 



5) Verificafcl^on 

6) Disjunctive 

7) Instrumental/Procedural 

8) Concept Completion 

9) Expectatlonal * » 

10) Judgecjental 

11) Quantification 

12) Feature Specification 
X ^3)' Request 
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These question categories can be recognized by a simple examination of 
Che conceptual question* Salient structural features . of the 
conceptual question are examinW-. by testihg procedures \AiLch are 
hierarchically organized in the manner of a discrimination net 
(Feigenbaum 1963]. The Question Analyzer which performs this analysis 
Will be described in 2*1A. Once a question category has been assigned 
by the Question Analyzer, this categorization will be a central factor 
in <?ijbsequent interpretation and memorv searched. 

The Question Analyzer also establishes question concepts in 
addition to assigning conceptual categories to questions. A question 
concept is roughly what is left of a question when the interrogative 
aspect of the question is removed. For example^ the question concept 
for 'Why did John go to New York?' is the conceptual jU?.ation 
representing. 'John went to New York.' Rules foY extracting question 
concepts are different for each conceptual question category. 

Categories for questions are only|useful to the extent that they 
predict tho8e\ processing strategies wttich will result in a correct 
interpretation \ind successful meccory search « tf two proposed 
categories require identical processing strategies, there is no 
rationale for distinguishing separate categories. Conversely, if a 
single proposed category requires aany different processing strategies- 
in order to effectively understand and answer all questions *^ that 
category* then it will be useful to split that category up into 
smaller ones which better predict tne necessary processing. The 
conceptual categories proposed .heie can be thought of as procesbtng 



catteries which ar<* predicted by features of conceptual 
representation. * 

The Justification for these thirteeh categories vrill^ecome /aore 
apparent when tha^ processes predicted by ul a. 'are^I escribed • 
Inferential Analysts^ Ctaoicent Specification, and Retrieve Heuristics 
are -all , proce&sing modules wi.thin, QUALM which rely on conceptual 
question cat^gprixation. • ^ 



2*1 Causal Antecedent • ' \ 

Cau&ai Antecedent questians aik ab'out states or events^ -which have 
In some way caused the concept in question* Many different -kinds of 
causal relationships are covered by Causal Antecedent questions '(e»,g* 
physical causality and motivating emotional stateu). 

Examples: 

Ql: Why did John go to New York? 




Q3: How did thi? glass break? 



LEAOTO 
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cuss PHYS, STATE 
(past) 



Q4i What resulted 19 John's leaving? 



JOHN ^r^1f>TRAKS ^ JOUfJ <— 
(past) 



1^ 



Causal Antecedent questions &te always fepr^s^enced au cmB^A chain 
structures {Schank 1973a* I97^b^ I9?5b, Apj>eodiK 1)» wher<i the chain 
antecedent l& unknown. Since the prcci«5e nature of Lhe causal 
relationship is also unknown, the causal link betwen the unknovn 
anceccdeni and the qat^^stion concept is a UEADTTO link. 



Recognusng tne Category. 

All JLftu^il Ant?fcr*denC qm*stionf* ar« recognised ' by the* foilouing 

(l) B cn^mi chdin of iw cow:.*:!^ptmlitMtionn 
(i) camiBl ilnk LLArrro 

D) all or pfirt oi iitBt conct>pctjal ix^eion unkn^vt-^ 



Finding tlu: c^u^Jt? inn i>iMc^*pt 

T>t»* qti</»t^ jtc^n ^ ♦'pt el O^^ptl Antecedi'nc qiuni'Htlon 1h extracted ff^jis 
thiL* p^^f*!.«rd qutf^rion bv <h>l€^Urtg ihv ^ tt hI c:tmceptuaH^it$c Ion in thv 



For example: 

I LEABTO 

JOHN <Jr:^ PTRANS 
(past) 



r» HEW YORK 



ban tbe question concept: 



r> NEW YORK 



(past) 



2*2 Goal Orientation 

A Coal Orientacion question is a special case of vliat l& commonly 
cj^Ued a wtty-questlon. Questions In tpi^ category may be paraphr/iscd 
*\B vtty*<|uest ion&» but Goal Orientation questions asV about the oottves 
or goals behind an action, Thij^ makes them slightly more specific 
than Causal Antecedent questions. Since a taental goal is beang sought 
a^ the explanation, th^* unkno«m causal antecedent relates to the 
question concept as a rea»Jon for the act in question; therefore the 
causal link between the unknown antecedent and the act In question is 
a REASON link* 

Exajcjples- 



: Fur vh<tt purpose did Juhn take the book^ 



f1> 

! 

JuHN<r::^> M^^KUbK--- book 



JOHN 



5o 
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Q2: Haty left for what reason? 



*7A 

MARY<rr^ PTRANS ^ MARY 
(past) 



K UNSPEC 



Appropriate answers tu Goal Orientation questions should describe the 
mental state of the actor in the question concept. This presupposes 
that the actor of the question concept is a human who acts of his own 
volition, • Coal' Orientatiot. questJiuub ask about the mental processes 
and desires underlying huxnan behavior. It does not make sense to ask 
'For what purpose did the book fall?' because the concepti^l 
representation for a falling book has gravity PTRANSing the b'ook, and 
gravity does not act out of. volition but from laws of physics. 'For 
what purpose did John fall?' is similarly nonsensical since gravity is 
still the* actor acting upon John and John presumably did not fall on 
purpose* In ordiar for this question to make any sense at all we have 
to twist our usual understanding of what it means to fallj^ we assume 
that John ?eigned a fall or threw himself off balance on purpose. As 
S(>on as this element of intentlonality is injected^ it makes sense to 
ask wiiat was John's reason for falling. 

SoDC Causal Antecedent questions can be answered in terms of 
either a Causal Antecedetit or a Goal Orientation: 



Q3: Why did Mary drop the book? 
A3a: Because John bumped her. 

(causa 1 antecedent ) 
A3b: To get John's attention. 

(goal orienta t Ion) 



A3a describes an act which RESULTed in Mary dropping the book while 
A3b describes a REASON Mary had for dropping the book* When the 
question ih undtrno''*>d as a Causal Antecedent question (as would be 
the case for Q3) eithcf aobwei can be ret jrned- But if the question 
were worded as a Coil OrlentMtJion question (For what purpose did Mary 
drop the book^^ the answer would have to describe a reason for the act 
in question. U does not raake sense to answer: 

Q'*: Tor what purpasc did Mar: drop the bov*k * 
A : Ik'^ »'»t' John buxaped hot. 

In fe-er^lun S.2 wtr will t*t'i' how QUALM looks iirtit for a . 'al-Or lent*»d 
answer and then ?»t'ttl<*h f^.>r a more general Causal -Antec edt»nt answer ii-^ 
no t*oal-0r tent* d an*>,w^'f Tn'^.^ound. Tae Issues of how to answer 
wh y -q ue Si 1 1 n f» wh t* n . t he r e a r v v r i*a r»o n*ib it? r espo n^ii* s 1 «> dealt wri t h 
at length In Chapter Eight* 
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Recognizing the Category: 

All Goal Orientation questions are recognized by the following 
features: 

(1) a casual chain of two concepcualizationF 

(2) causal lipk is REASON 

(3) first conceptualization is unknown 

Finding the Question Concept: 

The question concept of a Goal Orientation question is extracted from 
the parsed question by taking the second conceptualization in the 
causal chain. 



For example: 



REASON r> JOHN 

JOHN AfRANS ^ BOOK ^ 
(past) 



has the question concept: 



JOHN 



JOflN <^ATRANSf- BOOK 
(past) 



2, 3 Enablement ^ 

Enablement questions are sinjilar to Coal Orientatioi. questions 
Insofar a& they specify a causal relationship between an unknown 
conceptual Ization and the question concept. ^Tlic^' causal relationship 
is an ENABLE and the concept in question is enabled by the unknown act 
or state. 



r* 
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Examples : 



Qi: How was Joha able to eat? 



ENABLE 



JOHN <^ INGEST 
(past) 



Q2: What did John need to do in order to leave? 



JOHN<IZ>*?* 

ENABLE 

/ 

JOHN<^::z> PTRANS JOHN 
(past) 



k UNSPEC,. 



Q3: What did- John need to have in order to leave? 



*?*^^ POSSBY (JOHN) 
ENABLE 



fli 



JOHN <^ PTRANS JOHN ^ 
(past) 



K UNSPEC 



Enablement questl^jis may specify some information about the unknown 
concept • describes the unknown enablement as an action while Q3 

describes it to be a state of immediate possession. In general, an 
Enablement question consists of a question concept enabled by another 
concept wtiich is either completely unknowji or which has an urfknown 
cocnponent. 

The precise nature of the enabling relationship is left 
unspecified. Enablements ^.an occur in a variety of ways. Eugene 
Charniak (Charniak 1975b) has explored different kinds of enabling 
causation. Tuo of his categories are physical enablement (John needed 
a car to go to New York) and social enablement (John needed money to 
eat at the restaurant). World knowledge about cars and money and 
restaurants ih needed Co detPtmine when enablements are physical and 
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when they are social. In SAM and PAM there is only one causal link 
describing ^Enablement: the ENABLE Link. 



If more than one Enablement link were used within these systems, 
there would hav-e to be some process somewhere which relied on such 
distinctions. If no such process exists, there is no justification 
for having different causal links. Thus far, SAM and PAM have had no 
need" for different Enablement links. 

The inference'processes which operate on Enabling relationships 
appear to be very knowledge specific. For example, if you go to a 
Kestaurant without money, you will be waited on and served without any 
difficulty until the check coraes. Then the consequences of having no 
money can include having to wash dishes or being arrested. If you go 
to* a restaurant witho'ut shoes on, you may very well be ^turned away at 
the door. But you won't be arrested or made to wash .dishes. Knowing 
that the enablements' violated in these two cases aire both social 
enablements does not in itself help . us know what the specific 
consequences of violating those conditions arfe. Only very specific 
kn'owledge about restaurants will allow us tc predict the consequences 
of not havJLng money or not wearing shoes,. 



Recognizing the Category: 

All Enablement questions are recognized by the following features: 

(1) a casual chain of two conceptualisations 

(2) causal link is ENABLE 

{3> all or part of the first conceptualization is unknown 



Finding the Question Concept: 

T\\e question concept of an Enablement ouestion i^ extracted from the 
parsed question by taking the second conceptualization in the causal 
chain* • ^. 



For example: 




JOHN <Z::^ INGKSl 
(past) 



his the question concj^pt: 



Go 



JOHN <^Z:> INGEST 
(past) 



2,4 Causal Consequent 

Causal Consequent questions are causal struc tujres in which the 
question concept causes an unknovm concept oixausal chain in some 
way. The general causal link for such questions is the LEADTO link* 

Examples: ^ ^ 



Ql: What happened when John left? 



JOHN <=>PTRANS <r JOHN ^ 
(past) 



K UNSPEC 



LEA.DTO 



Q2: What resulted from John leaving? 



JOHN <^:i:::^ ptrans ^ John ^ 



(past) 



k UNSPEC 



LKADTO 
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Q3: What happened after Jobn^efti 



JOHN <=:^ PTRANS JOHN 
^ (past)" 



K UNSPEC 



LEADTO 



*7* 



Q4: What if 1 don't leave? 



ME <^ PTRANS ^ ME <H 
(future) 

LEADTO 



UNSPEC 



Q5: What happens if I don't leave? 



ME <^ PTRANS 4- ME ^ 
(future) 

\ 

LEADTO 



k UNSPEC 



\ 



\ 



no 
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Q6: If I don't leave, then what? 



ME ^ FTRANS 4— ME <~ 



(future) 



U; UNSPEC 



LEADTO 



Some Causal Consequent questions have partially knovm consequents: 



Q7: What did John do after^^ry left? 



MARY <^=^ PTRANS MARY <r- 
(past) 



LEADTO 

JOHN ^ *?* 
(past) 



K UNSPEC 



Recognizing the Category: 

All Causal Consequent questions are recognized by the following 
features: 

(i) a casual chain of two conceptualizations 
(1) causal link is LEADTO 

(3) all or part of the second conceptualization is unknown 



Finding die Question Concept: 

Tlie questi^ .i concept of a Causal Consequent question is attracted from 
the parsed question by taking the first conceptualrlza tion in th<i 
causal chiin. 




- 52 - 



For example: 



JOHN PTR/.NS ^ JOHN f- 



(past) 

LEADTO 



1 1 



k UN'S PEC 



has the question cone pt: 



JOHN PTRANS ^ JOHN <r- 

(past) 



k UNSPEC 



2. 5 Verification 

V^J'iiication questions ask about the truth of an event. These 
questions correspond roughly to those questions which can be answered 
yes or no. They are represented as singie concepts or as causal chain 
constructions with a MODE value = *?*• 

Examples: 



Ql: Did John leav^e? 



(*?*) 

JOHN PTRANS ^ JOHN (r- 

(past) - 



k UNSPEC 



ERLC 



G4 
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Q2: Did .Jofih do anything to keep Mary from leaving? 



(*?*)■ 
JOHN <^=^ *D0* 
(past) 

RESULT 



MARY <-t> PTRANS MARY f- 

(past) 

- • <-< UNSPEC 

Q3: Does John thxnlt that MarVleft? 



r 



MARY<ZZ> PTRANS f- MARY ^ 
(past) 



(*?*) 

^=^IS HLOC (JOHN)^ 



UNSPEC 



H^WRecognizing the Category: 



All Verification questions are recognized by jne of the following 
features: 

(1) A single conceptualization with MODE » or 

(2) A causal chain construction containing a 
conceptualization w1 ♦■h MODE v ilue « *?** 



Finding the Question Concept: 



The question concept of a Verification question is exCrac 
parsed question by removing the MODE value ^* 
conceptual iza tion. 



ted 



;rom 
rom 



the 
the 



ERIC 



/ 
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For example: 



JOHN ptrans john ^ 

(past) ^ 
has the question concept: 



k UNSPEC 



JOHN <Jr:> PTRANS JUHN <- 
(past) 



K UNSPEC 



2,6 Disjunctive 

Disjunctive • questions are like Verification questions but 
multiple question concepts iitstead of one* 

Examples: 



with 



Ql: Was John or Mary here? 
(*?*) 

JOHN ^^15 LOCVAL (HERE) 
(past) \ 

OK 



\ 



(*?*) 

>L\RY<^^1S ^CVAL (HERh) 
(past) 



6u 



Q2: Is 'John ccsaing or going* 



JOHN PTRANS <~ JOHN <^ 



r> UNSPEC 



OR 

JOHN <^ PTRANS <— JOHN 



UNSPEC 



I 



Recognizing the Category: ^ 

Ail Disjunctive Questions are recognized by the foliovlng £eatura£i: 
I. A top-level OR telatlon 

2; Concepr*^ under the OR relation have MODE - *?* 



i Finding the Q^aestlon C ncept : 

Hie question concept of a Disjunctive question Is extracted fro© Che 
parsed question by listing the conceptualizations vitWut cheir MODE 
value - ^?*. *V 

Fv^r ex.^mplc' 



)HN<':r:^ PiR.\NS ^ John f- 



I'NSPLC 



\m\s<^ Pi-^XNs ^ John <r-\ 



haa the multiple question co^fept: 



r> UNSP£C 



JOHN <r:^> PTRASS J(ftt.N J 



* ioHN PIRANS f- JOILN 



K UNSPEC 



While Disjunctive questions are ciuch like Verification questions but 
with multiple question concepts, the processing for these questions is 
distinct from the proce';sing for Verification questions^ It is rarely 
the case that' a Disjunctive question can be appropriately answered 
with a ves or no* ^ 



2.7 Ipst.i;aaencal/Procedurdi 

Instrumental/Procedural quest tons .are represented by conteptb wtiich 
have a totally or partially unknown Inst rusaentai tty : 



Lxanplet»; 



i^i. ?iL*w did Jtihn fti> to New W^rk"' 



( past .) 



gj. What did Jonn usu t.' eat witu* 



(past) 



Soa((?ti®tf!^ tK^ lnt»trso<?utiil tt7 for 4ci entalib a long ^t*<|ijcnc*? o£ 
a<tft tuihex thm^ -a Single event, in thin cii^o, the- unknown instri^jsent 
i?^ «s<>ce **Pprop. lately de^ictibtfd as 4 procedure. Pfoct^ural questiooa 
t^pT^^0utt*^ in ^.ihK* toime w£iy tnstnscsencal questions* The 

dlffeience lim^' in wiMt Mtid answerti are expi*ctedi a proc#:'dural 
*}ut?rti^ic»«y. Ui looking for <Jlr«rctlu«ii, ,iind inscrt^eocal question i& 



-> HOUS£ (PUSSBY^ YOU) 



X 



Q^t What is Che best uay your houae^ 



f~> HOUSE (FOSSBY. YOU) 



Q^' Hav viU I get vurd 10 Johns'* 

p4 CJ^ {JOHN) 
ME mf^A^^'i ^ HUE JLt : 4^ f^.^ 

H CHi) 



W^iether 0f n'U * ^^.c-scion js^ looking for an in^ttu^entin or ^ 

ne^aofy |>r«j*?i:b^t«s ac*;ording to the specific context the questioners 
^feSiiJi?!?^ ki-iovi^^ige Htatcs i?^d other inference procesaea* Th^ inltlai 
j?arse o£ a question is not rebp<»nalble for deciding Wat kind 01 
answer mohi appropriate lot a given quest ton. Thr-re ar^/ contexts 

rlut que&tion *How did John get tc? your nouee*^*. viU K> bc'Bt 
i^aii^^iii'd vtth an ansv^^r Uk*^ *Sy car*' But there ar^ aU^ contij>etf$ 
(«?»g* *f li^ii' obviou?^ route has btH>n aUerc*d hy a i*y*^too of 
iocr/^llcarei! dmn^r ) i?? which tijf*/ qwntion for a aort detatli'd 

6-j 



description* Infaroncial Analysis and Content Specification are 
responsible for deciding how much inforaacion is being asked for by an 
Instrumental /Procedural question* 

Tliere are ©any how-quest ion** wnict? ^say look likt? they ^howld be 
Inatruicental/ProQe^uraA quest iona but are not: 

Q6» Mow did you is^ee John ' 
^ (Did you make an oppolnttaent^ thrt*at^^n hl^s'*) 
Q7: How did yoj f j.nd your iosr book? 

{Did you oHer a ^« v3rd? look for ic yourself M 

How can we eat o^ot tonight? 

fCan wc cash a checV T>osew^)ere' Uf>e n credit card*) 

Each ot 0^-8 i^sk abon: acttpns or conditions wtuch oust precede the 
tict In ques?;ian* An Instroaental/Procedurai question asks about m 
act which was slssuU^ineous vich the main act of the question. If a 
question' askit about an act %1>lch precedes the csaln act of the question 
in time, the quest loti ?^ either a Causal Antecedent or an Enab^l^^rnt 
que&f ion« 

Q6; How did you see John? 

asks whit steps had to be taken befo^ ^"ou were abU^ to see Jphn» 1* 
does not a^k for acts which were alsuitaneou^- with thi? ac^ of seeing 
John Cact6» like talking to him or watching hisj) , ^: 

Q7i Ikjw did John find his l^i^t book? 

Finding a lost object 1^; conceptually repre&enteu as a »;;liange in 
©ental state, rinding a lost book m^ans chat the location of the book 
was unknown (not accessible to the actor's Conge lous Processor) for 
sotae period of clme» but then the location becajne known* 'How did 
John find his lotiC book?' asks for an >act which resulted in this 
oental st^te thange. John may have found the book by asking Bill if 
he knew where it was or by looking through his* desk drav^rs. In any 
case^ thf* avt precedes J^he state change a« a caudal antecedent* 

How can eat out tonight? 

If this question were taken aa an Instruasental/Proccdural question it 
could be answered *We'il use forks and knives.'. The question Is much 
aore likely to be asking about the enabling conditions for eating out* 
Reasonable answers are along tht lines of ''We can borrow BllT^ car/ 
or ^1 have an American Express^ Card/ Each of these answers specifies 
an act or state which will enable the ac^ of eating out, ' 

Knowledge about when questions like ^6-8 should be understood as 
Causal Antecedent or Eaablet^ient questions instead of 
Instruoental/Procedural questions is net something which the parser 
can al«ti/H be expect«>d to have. Hie correct interpretation of 
questions like these oftvn occurs ^.^t a higher level of interpretive 
an,Uysi.. Rules for re^.iterpreting ln?jt ruiaental/Proceduv^tl questions* 
as CausJil Antecedent 'or ^Inablcioent que?»tlons are mr ot poirict*d In Ouf 
InTerj^ntUl An**'^ i& described in {-liapr.er Tnree. 
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SecognUlng the Category; 

All Inf»tru£&ental/Frocedurrfl questians arc* recognized by Che foiioving 
feature: 

I. T\%e question involves a conceptualixacion which has a partially or 
totally unkrtown inatrument* 



Finding the Question Concept: 

Tiie question concept of an Inscr umental/Procedurai question is 
i^xiracted frotn the parst^-d question by recaoving the Instrument slot* 

• For examplv. 



ni» YORK 



JOHN <=I^ PFRANS ^ JOtlN 4— 
(past) 



X 



tias the question v.oncepc; 



NEW YORK 



JUHj^ 4==^ PFRANS f- JOHN ^ 
(pasc^ 



J.S Cont'epc Consplecion 

Concept Cotapletlon qutstions Include a lot of who, what* where, and 
wnt.ni-quebi tonh» Ihf'^i*; queHtlon^ .-ire very muc like f 1 ll-ln-the-blank 
que&cion*5 int^of.ir <ii> inev *tpeciiy a particular event with one missing 
c^wspoaent nnd i?*^ for the/ coapl et ion of tnat cooponttnt. 

:I What di-j ^ %n tMt ' 
p.i St *> 



ERLC 



Q2: Who gave Mary the book? 



MARY 



<^ ATRANS BOOK 4r- 
(past) 



A 7* 



Q3: When did John leave Paris? 



JOHN jriRANS JOHN 
(past) 

t 

TLME: 



K PARIS 



Recognizing the Category: 

Ml Concept Completion questions are recognised by the following ' 
feature^: 

K An unknown conceptual component .somewhere in the 
question conceptualisation. 

Finding the Question Concept: 

The question concept for a Concept Completion question is identical to 
the pat't-'d qaescion conceptual ixation. 



This description holds unless the conceptual question satisfies the 
specifications of another conceptuiil category in which case tne otner 
category has precedence over Conce,pt Completion* For example, if the 
unknown component Is the instrument slot filler, the question is 
^ Instrumental/Procedural . 




2* 9 Cxpectacional 



Expectatlonal questions asK about the causal ancecedenc of an act 
which presuraably did not occur. This presupposition is y[\at sets 
Expectational questions apart from Causal Antecedent quest icns* 
Expectatioaal questions are usually phrased as why-noc questions. 

Examples : 



Ql: Wiy didn't John go to New Vork? 



LhADTO 



NEW YORK 



JOHN <^ PTRANS JOHN 
(past) 



Q2. Why ii>./t John eating? 



LEABTU 



JHU <t> INGEST 



Recognizing the Category: 

Ail Expectatlonal questiim? are recognized by tue following features: 

U A causal chain of two concepts 

2. The first concti^t is unknown 

3. ihe causal link is LEADTO 

Tlie second concept has a' MODE value *• *NEG^ 



Finding the Question Conc<j:pj; 

The question concept of an Expectatlonal question is extracted from 
the parsed questioii by taking the second concept from the causal chain 
and deleting its negative HOLE value. 



For examp! 
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*?* 



LEADTO 



r-^ NEK YORK 



JOHN <^ PTRANS ^ JOHN <r- 
(pasc) 



has the question concept: 



r-> NEW YORK 



JOHN <^=^ PTRANS JOHN f- 
(pasc) 



2. 10 Judgemental 

Judgemental questions ate those which solicit a judgment on the 
part of the listener. All Judgemental questions can be appropriately 
prefaced by 'In your opinion...' Of course all questions ask for an 
opinion of the questioner, so such a distinction could be viewed as 
nothing more than a matter of degree. But vrithout getting into 
difficult philosophical arguments. Judgemental questions are roughly 
those questions which require a projection of events as opposed to the 
strict recall of facts. 'Where is St. Louis?' Is not a question 
wliich requires a Judgemental answer. This question asks for a hard 
fact vfhlch a person either knows or doesn't know. Where do you 
expect the, President will spend Christmas?' Is not asking for a hard 
fact unle&- the answerer Is known to be a close friend of the 
Pre5ident w.io knows about all of his t>er8onal pl?ns. 

Judgemental questions are recognized by their explicit refertnce 
CO the mind of the person being addressed. 



74 
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Examples: 



Ql: Whac should John do to k^ep Mary from leaving? 
IgOAL {JOHN)^CmARY ^ PTRANS f- MARy)I 



I/R • 

JOHN 4^ *?* 

LEABTO 

MARY ^ PTRANS ^ KARY 
I (future) 



Ql: Whac should John do now? 

J 

[goal (JOHN) ^ W^SPEC^ 

JOHN ^ *1* 

4>EADT0 

UNSPEC^ 
(future) 



^^IS MLOC (YOU) 



lb MLOC (YOU) 



L 



Recognizing the Category: 

All Judgemenial questions are recognized by the following features i 

u A top level ^fLOC state 
2* The top level actor is the answerer, 
3. The MOBJErx contains a conceptualieation which ia 
partially untoown. 



Finding the Question Concept: 



The question concept for Judgemental quest immls extracted 
conceptual question ^indlng the goal state x::^ide the H 



:ted from the 
HOBJECT. If 

no goal la specified, & deA.,^alt goal must be derived from the context 
in which the question l5 asked. 



er|c 



( O 
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For example: 



[go/ 



1_ 



JOHN <=5> *?* 

LEADTO 



t. 



MARY PTRANS ^ MARY 
(future) 



GOAL (JOHN)^^(mARY <^ PTRANS <— MARYy 
l/B 



IS MLOC (YOU) 



I 



J 



has the question concept: 

^ GOAL (JOHN) ^^(llAJRY PTRANS «~ MARy) 



2.11 Quantification 

Quantification questions are those which ask for an amount. The 
amount may be countable as in how-many questions or it may be a 
continuous quantity. All Quantification questions can be phrased as 
how--que8tionG. 

Examples; 



Ql: How many people are here? 

. GROUP IS LOG (HERE) 

MEMBERTYP (*HUMAN*) 
NUMBER (*?*) 



lERlC 



Q2: How many dogs does John have? 

GROUP IS POSSBY (JOHN) 

t 

KEMBERTY? {*DOC*) 
NUMBER 



(0 
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Sotae Quantification quesnions refer to values on physical or mental 
state scales. In this case, the amount in question is a relative 
vklue on a finite scale. 

Examples: 

> 

^ Q3: How ill was John? 

JOHN IS PHYS STATE (*?*) 
(past) 



Q-.. How badly do you want the book? 



BOOK^^POSSBY (YOU) 
CAJ^CAUSE 
YOU TOWARD JOY (*?*) 



Q5; How does John feel? * 
JOHN IS MENTALSTATE (*?*) 

Reco'/nizlng the Category: 

All Quantification questions are recognized by the following feature**; 

1. A causal chain or single conc^eptualization involving a 
state scale 

An unknown state scale value 



Finding the Question Concept; 

Tlie question concept for a Quantification question is identical to the 
parsed question conceptualization. 
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2.12 Feature Specification 

Feature Specification questions ask about some property of a 
given person or thing* Feature Specification questions are similar to 
Coxicept Completion questions insofar as they are both 
fill-in- the-blank type questions. The significant difference between 
tl\e two question types is that Concept Completion questions ask about 
missing conceptual components in actions while Feature Specification 
questions ask about static properties of objects. 



es: 



Qi; Wliat color are Johnys eye\l 



EYES^ 

. r 

POSSBY (JOHN) 



Q2: Whit breed of g is Rover? 
ROVER ^ZI^ IS BREED (*?*) 

Feature Specification questions asll about properties which cannot be 
expressed as a relative value on a scale« For example, colors are 
conceptualized in terms of names. While it is possible to represent 
colors on a wave length spectrum, people do not naturally think about 
color itf this manner. But it would be misleading to say that Feature 
Specification questions look for names while Quantification questions 
look for relative numerical assignments. There are some Feature 
Specification questions which are answered in terms of numerical 
quantitie\: 



Q3: How much does that rug cx>stl 



RUG 



60ST 



QA: How old Is John? 



\ JOHH^^IS AGE (*?*) 
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These questions can be anwered in terras of a number but they are 
Fefiture Specification questions because any numerical answer given 
muse refer to a specific unit. The unit] need not be explicitly stated 
in the^ answer, but it is nevertheless thereJLmplicitly by inference. 
If John^s age is stated to be 56 we woul^U^tfet that he is 56 years 
old. If the rug is said to cost a. hundred, we assume it costs $100. 
It may cost 100 sheep but we would infer our own standard monetary 
unit unless told otherwise. 

Feature Specification questions which ask about non-numeric 
properties can refer to implicit properties in the same way that the 
units of. numeric properties are often inferred. This happens when 
questious are phrased 'Wi>at kind of or 'What' sort of 

Q5: Wliat kind of dog is Rover? 

Q6: What kind of doctor is John? ^ 

Q7: What sort of college is this? 

Q8: What sort of bicycle docs John have? 

By inference most; people would interjfret 'q5 to be asking about tfie 
breed of dog while Q6 asks for a branch of medical practice. Q7 would 
normally be understood to be asking about educational orientation 
while Q8 could be asking about the make or general type. These 
questions are open to flexible interpretations which should be 
sensitive to context. In different contexts, Q5 could be~ referring to 
breed (beagle) » variety (hound), or lifestlye (housedog). *But in any 
given context^ some inference must be made about what property is, 
being sought in order to answer thj^question* 



Recognising the Category: 

All Feature Specification questions are recognized by the > following 
features: 

> ^ I 
I* There 1*5 an unknown property value ^ 



Finding the Question Concept: 

n>e question cmicept for a Feature specification question is identical 
to the pars<Mi question conceptualization. 



1 3 Request 

Requests constitute a special question category which is distinct 
(rom all the other question categories presented here. All of the 
other question categories discussed in this chapter describe inquiry 
questions. An inquiry is asked by a questioner who is seeking some 
specific informati'>n. All i' lulrles are appropriately anj^wered via an 
HXRANS of some sort. But a Request is asked when the questioner wants 
a specif act to be pcrtoiWft-* 

/7 'J 
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Ql: Would you pass the salt? 

Q2: Can you get ay coat? 

Q3; Wlil vou taVe out Che garbage? 

It is not adequate to characterize Requests and inquiries in terms of 
whether or not a ver>al response is appropriate in response, 'What 
time is it?' is an inquiry which can be anfivered by pointing to ai^ 
clock on Che wall. And many requests are denied verbally: 

Would you pass the salt? 
No, 

Even requests which are |)erformed are . ften accompanied by a verbal 
response : 

Would you r^ss the salt? 
Sure, here-. 

Requests are different from inquiry question types in terms of when 
t|\ey are recognized by the interpreter. Inquiry questiqn types are 
initially^recognized by the Question Analyzer. But ReqUests are never 
recognized by the Question Analyzer. All Request questions are 
assigned some inquiry question type by the Question Analyzer. It is 
then up to the Inferenqial Analysis to reassign the question category 
as a Request. Thiis distinction in recognition derives from the fact 
^that all^ requests can bo literally interpreted as inquiries. 

Ql: Would you pass the salt? * 

Q2: Can you get me my coat? ) 

Q3^ Will you take, out the garbage? ^ ^ ^ 

Each, of these quest^ions coidd be (mis)understood as a Verif ic^ition 
quesjtton answerable by a Yes or No. The Question Analyzer will always 
understand a Request literally. bo it wilf^ecognize Ql-3 is 
Verification questions instead of Kequescs.\ The Inferential 
Conversion Rules are responsible for finding tnh less literal 
idterpretations of questions which capture what^ the questioner 
'obviously' meant. It"^*^La.^^^on t^ts higher level of question 
interpretation that RequestSs are detected b/ means of interpretive 
inference mechanisms. * 

2.14 The Question Analyzer 

The Question Analyzer is designed^ to function like a 
discrimination net which' applies various tests to a conceptualized 
question in order to determine its Conceptual Category. Th6 tests 
within the net are hierarchically organised in order to minimize the 
test processing. For example^ at the head of the net *ls a test which 
determines whether 'or not a question is represented as a causal chain 
structure. If it is* then tests f )r Causal Antecedent* Coal 
Orientation, Enablement* Causal Consequent, and Expectational 
questions are all orgai»lzed under this one branch of the net. 

SO 
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The most difficult category to tocognize are the Concept 
Compifction questions. .These questions arc characterized by an unkaowa 
conceptual component* which ©ajj/ occur anywhere in t^ie 
cottceptualixatlon, ^t any /xevel^ Rather than condiict a search tp 
positively identify such quebtionsf*the net JLs organized sq that any 
question which has passed XJirough aMienalnal branch without positive 
identification will^be categoh^zed as Concept Coapletloa. 

Figure ines the' organlzaclon^of the discriminating tests 

used by the Question Analyzer* 



Si 



18 there a causal chain? 
no yes 
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Figure 2 . 
* The Question Analyzer 



Is the first concept an unknown or partially unknown act? 
no yes 

I ^Is the rausal link LEADTO^ 
! no yes 



Does the second concept have a MODE value - KEG? 
no yes 

^ Categorize as CXFECXATlONAi. 
> Categorize as CAUSAL AirFECEDENT 

Is the causal llur. RfeASON? ■ 
no yes 

Categorize as COAL ORIEKTATIOK 



1 



Is t^e causal link ENABLE? 
no yes 

j Categorize as EiAbLEKEKT 

I > Categorize as CQNCm- COIPLETIOK 



Is the second coxKcpt an unknown act? 
no yes ^ - ' 

>^Cat€gc.izc as CAUSAL CONSEQUJ^KT^ 



Is the top level concept an OR relation? 
no yes . . * ' . 
I ^Categorize as DISJUNCTIVE, 

l^es the top level concept have an unltnown MODE valif^? 
no yes 

Categorize as VERIFICATIO^f ' 



\ 



1 



Is the top lec^I r^r^cept an HBUILD w .a actor • YOU ? 
no yes 

L4 Categprize as JUDGEMENTAL • 



i 



Is there an unknown state value? 
no yes 

Ij _ L> xs the state a property description? 
no yes 

Categorize as FEATURE SPECIFICATION 



1 



Is the state a relative scale description? 
— no yes 

Categorize as QUANTIFICATION 



Is there an unknown INSTRUMEOT slot? 
no yes 

L ^Categorize as IHSTRUMEfTTAL/PROGEDURAL 
I > Categorize as CONCEPT C(^PLETION 
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n^ATf^co^rnm (?jlstio«s bv iNFeaEr^rui analysis 



This chapter descrlbciix inf<?rt^0ce ©echfinissjs vithln 
QUhUi which complete the Incerpretatioa o£ a question. 
Wbeft the <^estioa Analy^r a^&igiss. Coucoptual 
Cate?? ry to a questior*, tt does sor on c:he basis of 
s I r Mc ;-ur f ^Wes i a the Conceptua I Depemieacy 
f->pre&enta?:sr n of time question** lufcre^tlal Analysis 
oxminm-tho coateot of questlou to see this 
InUitii c^^tegorizatlos of the question is correct* 

la the contest a£ talking to a friend thQ street, 
the tw quesxrloasi 

Qit So you have a jsatch? ^ 
Q2i Do you have a v^Men ssauh? 

ar« both tecogul^ed fey the c;^e0iion Anaiyaer to be 
*Verf icacioo^ quostion^*.. That is» they are both 

* underecood as ioqairtes dcserviog cf ye^ or no 
^insiasrs, Eur whil^ QZ ta beet unct^rstood m m 
iflqulry^ Ql ^hou^ld uULcately understood as a 
request for a light • U2 uhouid tmUxx an inquiry 
becausi' the ^pec if Icatioo of a vfooden aaech as opimued 
to any otlhgr ki?3d of match suggests that t^e 
quest iorti'r IS iutere&tc-d in s^jtsething other tbao 
r.ereU ^euln^ a Ughc* Qi, on the other nar.4» a. 
tuanrfara vay of requesting a light. 

By Urn ti^si' the laierinui^-sl Aaaly^c^r exa:siai?s ^Js^^ >ind • 
4)?, rh^*y h^iv<,| both h¥*i*n tagged mi Veriit i^aPC^n 
<?ue?>tSon?i by che^iM-sCion Af^alyxer^ k is th«> job of 
l«?^rr«-nt l*a An^ilytti!^ to change the catagory for to 
5 ^He^^ue&t/ and r^rther &p^cify that Qi Is a r^jq^e&t 

• i-^ t light (irr ?hi* M^ntii^ of fhiiae). 



trit:fo<Juri| .n 

Ksny qu*'Htl.M>a -'/ri* nt>f correctly . <ierf*tood jf taken literail^f, 
i;u^>HUrj?iK req^^ue kno%flij4^^ ab coiworaatlomil rof^w^t ions in 
crder to i^u- mu^rpreted correctly, aui otht^rs can only be undoretocd 
vlthift thelf iiitu^uion^l conUrnt. »*.ny qucjstloos can best be ansver^jd 
by ta^in^ Kuo comi4<nation y^mf ui: questioner know^ and doenn^t 
5<m»v. Ail of th*Hv f^cc - .cribuc*? to the tinal interpretation 
a qui^;*5t:' fne inti*/pf et ive .mal^sir, of a question aust be able to 
p^^rceiv^f rnt^ qsirutiav. wlthia it*, ov^^rall ewirof^^ru; interprutlvc- 
cjechanj^^t^ ^u^t be nen^uUi* a vide* ra«g<* totaraatl - which is 
*«^u>fri4r tit <'Kc; quj^^^tion. Ihei*t* ^acharasms mtsBt effectively oxaislnt^ 



- 72 



a qu00Cion» conaider ccote>*tual Cactors^ appeal Co the conventions of 
dialogs and conclude chat ''at this tltae,i in this setting* this 
question Ettust mean (blitch)** Interpetattons ^which do this require 
understanding by inference^ 

Inference mechanisms are needed to achieve cotaplete conceptual 
understanding of a question. When a question is not interpreted 
correctly on the level of Itifereiuial i^alysis» the ans*«jr produced 
vlll be inappropriate. Faulty ioferentiijl analysis of a question 
resulti^ in an answer which ©ay have been right in another setting » but 
not the current one. 

There are three inference caodules vithin the interpreter which' 
are designed to recognise vfhat a question is really aak.iDg« These 
three modules contain: 



Each ?godule contains rules of inference which enable the systeo to 
alter its underj^candlng of a question* ll^ese rures are applied 
vheaevec the conceptual category and question concept oeet specific 
criteria*' Vhen a conversion r^ile is arpplied tc a question, it alters 
th^ conceptual Ci^tegory assigned to that /question and xssually alters 
the question cooc4<pt as well* .Each question is tested oy all of the 
conversion rudes andr retnterpretatlon occurs vhencver a hvle is 
applicable* This process of successive teinterpretation continues 
until all the conversion rules have rtin their tests* The resulting 



3*1 Contextual Inferences 

Ccntextu^il^ inference rules exploit the conversational context m 
which a quest *.on occurs^ Conversational context refers to the 
situational setting in vhich a cunversatlon tates place* There are 
three types of inference tnechanlsms which rel> on conversational 
context: conversational scclptSt generalized inference aechanisos, 
and conversational continuity* 

Some conversational settings are very stereotyped and 
conversations *sri thin these settings can be understood by invoking an 
appropriate script* An inference rule which is specific to one 
particular script is a conversational script infecence. For exattple* 
the conversations wtiicb a stockbroker has ^ith his clients all have 
predictable elcsaents vhich center around the transactions which a 
stockbroker can perfonsJ^ If , one is not faiaillar with the transactions 
which nonoally occur In this particular buelne«« s-^ttlng^ a, dialog 
between a stockbroker and his client cannot te fully under;3:tood. 
Conversational scripts are ^ knowledge structures which organir^e 
knowledge-abased inferences for specific situations wfiere people 



(j> Contextual Inference Conversion Rules 

(2) Context-Independent Infer^tnce Conversion Rules 

(J) Knowledge State Assese^t&ent Convfersi^ Rules 




final 
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interact conversational W. 



Not all knowledge-based inferences can be organized under 

specific situational scripts in the way conversational scripts 

organize inference mechanisas. If John ha- been helping Hary pack for 
3 trip, and he asks:' 

Ql: What didn't I pack? 

Mary vili understand this question to mean: 

Q2: What didn^t X peck chat I should have packed? 

There is no conversational script for conv .atirns about packing 
since dialogs about packing are not highly stereotyped • But there is 
a situational script about packing for tril^e wbich aust be used to 
understand the t^uestion* In ^ilALM ibis knowledge is accessed and 
utilized by i*. generalized inference rule. This rule is general in the 
sense chat' ii wuld'be ec^^ally applicable in a context vdiere Job^ is 
^taaillif^g out Christmas car^s and he asks Mary: 

Q3; Who.dldn't I send a card to? 

Here again, there Is no conversational script which goes vith sending 
Christmas cards, but there is a script for sending Chriattzms cards 
which" must be accessed to understand the question. Jhe ease general 
Itiference rui^ which operated in the context of packing for a business 
trip will work in the cons.ext of sending Qiristmas cards. Ihis 
inference conversion rule will reinterpret Q3 to mean; 

didn't I send a card to wtio I wanted to send a 
card to? 

Without this inference, the question vouid admit all sorts 
ridiculous answers: . ' 

Q3: Who didn't I send a card to'^ , 
A3: Abraham Lincoln* Moby Dick, and everyor^ in Nova 
Scotia* 

Tne general rule which handiea questions Ql and Q3 is described 

In 3.K2*2 A general rule of this sort which utilizes script-related 
knowledge but which can be applied to a variety of scripts is called a 
generalized inference conversj^n rule, 

Co oyersational Cont ig yltv 

A final Application of conversational context occur? when a 
question relies on the continuity of conversation. Many questions do 
not contain cojnplete conceptual izatlone but mak^ sense because they 
are understood in terms of previous conversation. Conversational 
continuity conversion rules are responsible for understanding ix\ these 
situations. 
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kt Did John give tUa book to Mary? 

B; No. 

A: Why not? 

In this case it is clear chat the question 'Why not?'" is askinc 'Why 
didc t John givp the book Co Mary?' — ^ 

A: Did John give the book to f<ary? 
B: I don't know. 
A: Why not? 

Nov 'Wijy not?' means 'Why don't you know if John gave -the book to 
Hary? General rules of conversational continuity allow os to fill tn 
missing infonaatioa like this. 

3.1.1 Conversational Scripts * , 

Many conversations which occur between strangers in the context 
of an everjdsy business or service transaction are highly predictable 
In terms of content. A clerk in a s:ore spends the majority of Ms 
tlae answering questions like: 

How much Is this? 

Do you have this in another color (size, style)? 
Do you expect to get any sore In? 
Do- you have any . . .? 
Where are the . . . ? 

Of course t. customer can ask a store clerk anything (Haven't we met 
before?) but ,->.aciona which are appropriate" to the role a store clerk 
assuoes are both finite In nature and highly predictable. As for the 
store clerk, he is expected to do nothing but answer queigtions and 
Initially offer assistance (Can I help yoju?). 

The memory processes which predlctlvely anticipate stereotypic . 
exchanges vithin a cocyaon situation ^re encoded in a convet ational 
script. The tera script, as it has • presented within the SAM 
system, has been used primarily to refer to a predictive mechanism 
which has knowledge about stereotypic sequences of actions. 
Technically speaking, this type of script is more correctly Gv9crlbed 
as a situational script (Schank & Afaelson 1977] since it oescrlbes 
what events are ,Xi,able to occur in a given situation. A 
conversational script irs a predictive mechanism which Iws knowledge 
about stereotypic co;«Versstlons. 

Many situational scripts have conversational scripts embedded tn 
them. For example, r - restaurant script should cont.-in a 
conversational script for dialogs between the patron and 
Wf'ter/ waitress. The restaurant script Implesaeated In the SAM system 
has 3 minimal version of a complete convetsational script. There Is 
an MTRANS conceptualization in which the patron telU the waiter what 
he wants, and there is an branch of events off of th-» -oaln path in 
which the waiter may HTRANS to the patron that he can't have wiiat was 
ordered. This last KTRANS may be followed by an HTRANS from the 
/acron to the waiter specifying ;'.nother order. Dxia is as much as SAM 
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knows about patron/waiter dialogs In the ordoring scene of the 
restaurant script* 

It SAM had a complete conversational reiitaurant scrlp^ It would 
be able to understand stories where th'^ patron asks r.he waiter to 
describe a specific dish, or to make a recoataendalion- Social 
conventions often determine whac is and is not included in a 
conversational script* It's acceptable for a waiter to praise your 
choice when you place an order ('Oh yes, that's a very good dish'), 
but it's unlikely that he viljl tell you when you're making a mistake 
('1 think tnat's our worst dish are you «ure you won't 
reconsider?'). If a» waiter tells you that you've m/ide a poor choice, 
you feel tliat he is acting outside of his role as a waiter. 

Conversarionai scripts are used in question answering whenever a 
situation gives rise to stereotyped exchanges, if after consulting a 
aenu in a restaurant, the waiter comes up with pad in. hand and says: 

Are you ready to order now? 
Wliac'il it be? ! 
Are you ready here? 
llave you decided vet? »v 
Do you wane some aore cimeY 
Yes? 

All of these questions will be readily understood to .be asking for an 
order*. Anyone who- has eaten out in a foreign country without any 
knowledge of the native language will attest to the fact that a waJPter 
who appears wlch pad in hand at the right point in the script can say 
just about anything and still get aa order* ' Scriptal situations 
affect the interpretation of questions just as they affect all 
scripC-governed conversation* 

In some stereotypic settings ^conversational scripts dictate how 
things ate* said as well as what things get said* Conversational 
scripts can affect the stylist!^ rules of conversation* Stj^ie here 
r fers to attitudioal styles such as fonnallty (business «eeting<^), 
casualnesB (parties), ot sobriety (funerals)* Stylistic features of 
questions are Important because an inappropriate style can constitute 
a stateaent in itself. For example, excessivfily polite inquiries at a 
party are often used to discourage further conversation. 

In addition to stylistic rules, conversational scripts oftei: 
specify sotaechlng mote on the order of subcultural dialects. A good 
exa^aple of this occurs at auctions whce the auctioneer uttll? s a 
highly stylised ©ode of conver&atinn while interacting wj.th the floor* 
The rules of conveisation in this context; extend well beyond verbal 
conversation intio visuil signals for bidding* but there ar*^ /still 
rules for interprt-ting verbal questions which taust be known in ^rder 
to uuderatand the lnteracnJ-.>n* nsest^ rules allow us to undersrand a 
variety of questions* 

Do 1 hear $5^0? Will someone bid $S0? 

Wm vill give cue SSO? viil bid $30? 

is • ncfr^ $5C out thcre'^ -> Will anyone bid S'^C* 



In this ca^e the auctioneer could say virtually anything which had a 
reference to a number in It and the audience would understand it to be 
a r<6£erence to either the bid currently standing or the bid the 
auctioneer vould like to get: 

I'm at $40^ I vant S50, 

I've got $40 in the hand. Is there $50 in the bush? 
1 found $40, I'm looking for $50. 

Each of these state «-ents can be easily understood because che 
conversational script for an auction predicts that an auctioneer will 
tell the audience two things during bidding: the standing bid and the 
bid he wants* 

Inierence aechanisros based on conversational scripts ©use be 
script-specific. The interpretive rules for an auctioneer during 
bidding are very simple: 

{I) If two numbers are mentioned, the lover one is 
Che standing bid and the higher one is the bid 
sought* 

(2) If one nujcber is mencloned, it is the bid 
sought . 

These rules are applied whenever the meaning of a statement does not 
explicitly reference the standing bid or the bid sought. These 
Interpretive rules are useless outside of an auction* If John is 
thinking about buying a $5Q chair and he asks Mary 'Do we have S 50?* 
Hary will not interpret the «^uestion to mean 'Will you bid $50?*" The 
interpretive mechanisms described above shoidd be accessed only when 
an auctioneer is t king to his audience during bidding. 

The notion of conversational scripts^ and their vole in 
interpretive processing muse be included in any question answering 
model wtuch claims to be a general model. As far as computer 
implementation of QUALM is concerned, there is no need to implement 
conversational scripts in the question Interpreter tmless we expect 
the computer to be carrying on conversations in various settings 
(restaurants^ scores, bars, etc*.). As long as the co^sputer is 
confined to the context of answering questions about stories. It has 
no need to ^iccess conversational scripts curing question 
interpretation. In the context of story undertandxn:,, conversational 
scripts, are needed during understanding (if a story contaii^s any 
script'-reiated dialog> but not during que^ Ion Voswc ring ♦ John could 
ask Hary 'Your place 6r mine?' b'it nobody s liable tc ' p« thta 
question to the computir,. 

Sine SAH and ?AH h^ve not dealt viih st^^rles in which there is 
any direct dialog* conversational scripts have been implemented in 
these systems, Tlvere has» however been some work done which is 
closely related to the notion of conversational scripts and their 
application to c^^wersational programs* Tlie application of script 
derived predictions has been explored {quite promisingly) in the 
domain of airline rei^iervatlons with the development of a progr-ti^s 
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called GB£ {Bobrow et al» I976J. While this wrk has been conducted 
Independently and srithout reference to the general notion of scriptal 
conversation. It is clear that GUS relies on script-specific 
knowledge* GUS aasuas^^ the role of an airline reservation agent in 
the conversational context of a^^reservationlst talking to a clients 
GUS's script- related prcdictlous guide it through dialogs vhere it 
must deterrait j where the customer wants to go^ when^ and for hov long* 
etc. We will discuss GUS and its relationship tcf QUAIH ©ore jTully in 
Chapter Eleve.i. ^ 

3. i^Z Generalised Inferences 

Many questions require infereocing in order to fill In missing 
infonaatlon* Tl»et*e inferences are often ir jde on the basis of scrlptal, 
knowledge about the vorld. When an tn^er0n<*e mechanism needa^^to? 
'access knowledge froca a script, there are basically twc ways that tho^'>^ 
ffiochanism may be designed^ Socae rules which generate inferences by 
drawing on i^crlpt-based kjtowledge can be stated very generally so that 
o.ie rule will api>ly over a large set of scripts* Other rules are 
script-specific and can be used in the context of one script for which 
they ' were designed. HUs notion of general applicability vs* 
scrlpt'^speciflc applicability distinguishes generaliaied inference 
mechanisms from conversational scilpt Inference mechanisms* We , will 
describe three ge?*:rall2ed Inference rules here. These rules tend to 
be very powerful because they can be used In a variety of conteKcs* 

3.1*2*1 Single Word Questions *^ 

In any script where there is a host or servant type of role, a 
question by the person in that role which merely specifies an object 
or list of objects means 'Do you want some (grobs)?* where (grobs) are 
something hormally offered to the consumer in that particular script* 

Coffee^ tea, or milk? (on an airplane) 
Nucs? (from someone fixing you a hot fudge sundae) 

The rule about offering objects «hi«Lh applies to these exaciples can be 
stated even more general ly? _y 

Rule #1-. 

If a role in a script specifies a highly predlccsble act 
associated with an object^ a question by a person in 
that role which specifies that object means 'Do you want 
me to (blitch)?* vhere (blltching) is the act predicted 
by the script • 

So a butler can ask a guest who has just entered the house 'Vour coat* 
Sir?* and this will be understood to. mean 'Do you want me to take your 
coat?' If the gucut is about to walk out the door and the butler walks 
up to him ri?Trying his coat* *Your coat, sir?'' means 'Oon*t forgi»t 
your coat/ or 'Hay 1 help you withal help you pot on) ?r .uacT 
Similarly, a waitress can go up to a c^n who has Just sat down at a 
tabl**, ask 'A menu^* and mean 'Do yuu want a menu?' 
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But suppose the man who Is sitting at the ta1>le says to the 
waitress ''A menu?^ Now the question means ''Would you bring nnra laenu?' 
So if a question in a script Situation specifies an object associated 
with the script, the question should be interpreted as either an 
inquiry concerning the script act or a request that the script act be 
performed. Whether the question is an inquiry or a request depends on 
■'jhethcr or not "the questioner is the script assigned perfomcr of the 
ct» ♦ 

So this leads us to the fia&l most general formulation of the 
' rules 

ef 

Rule #2: 



A question which consists of a single noun is either a ^ 
request' or an inquiry about rhe script assigned act 
associated fcd.th that object, it is an Inquiry about 
whether or not the act is desired when 'ht: questioner is 
playing the script role which performs the act in 
question. Ic is a request for the^ act to be performed 
wJten the questioner^ is anyone else# 

W«en a script contains multiple events involving an -^object, eich of 
wi>ich is perfonned by the same actor (as la the case with a butler artd 
a coat) the appropriate act is determined by the current predictions 
of the script applier tCullingford 1976, !977). If John has just 
entered a wealthy home, the script applier predicts that the butler 
may take his coat, but it does not predict that the butler will glvo 
.John his coat back until later. 

3.1.2.2 Univer6..»I Set Inference 

It does nor always make sense to word a Concept Completion 
question negatively. 'Who wasn't ^iUuted president in 1969?^ is a 
tairly strange question in any contescc* Sut there are reasonable 
Concept Completion questions which ask about negated concepts. For 
example, 'What didn't I pack?' and 'Who havener I invited?' are 
Concept Completion questions with negative MODE values since they ask 
' about things wiUch aaven't been done. Tlie interpretation ot such 
questions always requires the addition of a constraining feature. 
Without such a constraint* these questions could be ansv\.rcd; 

» 

Q: Wlial haven* t I packed? (upon closing the suitcase) 
A; This pile of fxxzz and the World Trade Center. 

Q: Who isn't hure? <upon entering a college seminar) 
As Lassie, Kahlil Glbran, and Rosemary Woads* , 

Q: What haven't I added? (before baking cake) 
A: A pound of dog hair and an oil filter. 

It Is obvious that all of these questions Implicitly place .a 
ccnftraint on potential answers. While the nonuense ans-n^cs may be 
ab'solutely correct, they are nonsense because they violated che 
ImpUcir constraints: Wiiat haven't I packed (tnat 1 should have 
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packed)? Who isn't here (who should be here*)? What haven't I added 
*(that belongs in the cake)? There Is one general rule which can be 
used to specify these constraints on the oasis of scriptal knowledge 
about* the world. The* rule is invoked whenever a Concept Completion 
question is encountered which has negative MODE value • The 
appropriate interpretive constraint is derived from tlie s^^^of 
'^potential objects specified by the active script for the act^pr state 
in ' question. The script for packing a suitcase specifies >|jat you 
pack Giily those objects which you want to have with y(iv fori^reasons of 
necessity or convenience or peace of mind* The script for a college 
seminar specifies that th.e processor and registered students attend. ^ 
The script for baking a cakf specif ies a set of ingredients. ^ 

When a negative Concept Completion question is asked » acceptable 
answers specify -things f rom , the script-defined set of potential 
considerations. If you don't know what the instantiated 
scri'pt-defined Limitations are^ you can'" answer rhe question. 
Someone who doesn't know who. belongs in the seminar can't hope to 
answer 'Who's* not here?^ In this way scripts delimit the set of 
acceptable and reasonable .answers to negative specification questions. 
The more specific a' script is* the easier it la 'to find an answer 
since the set of potential answers will be well ^defined, 'What 
haven't U packed?^ is difficult to answer because It entaiic knowing 
what the person packing needs 'or would like to cake with hlro. A 
person answering this question needj^ to know the person who Is packing 
and where he Is going in order to come up with good an**werb. tc Is 
much easier to answer 'Wliat haven't I added?' in the context of baking 
a cake since the ingredients for baking a caike are specified by the 
script as Che Ingredients i laced In the recipe, 

3.1.2*3 Implicit Requests 

Many social Interaccluns between people sre very common and have 
cocT' CO be fairly standardized. Requestd yhich occur within a 
standard Interaction are often phrased In ^ manner which Is not 
altogether straight forward i h 

Do you have a mat :h? 

Do you know what vlme It !s? 

Can you tell me what city this Is** 

In normal conversation, questions of thl6 sort are never taken 
literally. That Is* no one would ever answer one of these with a 
simple yes of no unless they were deliberately trying to be difficult. 
Each of t:»e8e questions is In fact 'a request for a specific act or for 
the communication of information. 'Do yqu ha^e a match?' Is a request 
for a match. 'Do you know what time It Is?' is an Inquiry about the 
time* and ''Can you'tell me what city this Is?" Is an Inqui-ry about the 
name of 3 city. The literal interpretat^ )n of these questions does 
not convey their underlying meanings. But how are these underlying 
meanings recognized? The sentence strticture or conceptual syntax of 
these questions is not sufficient lo indicate when a question is an 
Inquiry and vN*n it is a request; 
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Do you have a Porsche? 

(is not asting for the car) 

Can you spell? 

(Is not asking for a dexsv^nstracion) 

We will now describe inference conversion rules which transform 
Verification questions into Requests whenever a Request interpretation 
is appropriate. Each rule has two parts: Criteria and Target 
Interpretation. The Criteria describe conditions under which the rule 
ts appropriate. A rule will not be applied if its Criteria are not 
met. If all of the Criteria for a rule are satisfied, the question is 
reinterpreted by replacing the question category and question concept 
as specified by the Target Interj^retation. ^ 

Some of the Criteria specifications require facts ^f^tom general 
world knowledge concerning the content of r.he question. Therefore 
permanent memory may need to be accessed in order to verify the 
Criteria* These verification processes may be easy to execute or 
fairly Involved. For example, the ATRANS Request Conversion ssks 
wttether or not the object of the conceptualisation is '^t-tle valud. 
This can^be easily confirmed or denied by examining a memoc^ token. 
But the Perfonaance Request Conversion asks v?hpther or not it Is 
reasonable to ask that the act described by tbe question be performed. 
This Is, considerably more difficult to e'^tabllsh. The mechanisiss 
which verify these Criteria will not be described- At this stage it 
is not <xleai? how the more involved verification processes should be 
designed. If all of the Criteria for a rule apply, the qucstioo Is 
reinterpreted according ta the instructions under the Target 
liiterpretatlon. 



Rule i: ATRANS Request Conversion 



Criteria: (I) Conceptuiil Categorization « Verification 

(2) The Question Concept Is of the form: 

*X*^^1S POSSB^*Y*) TIME (^PRCSOIT*)^' 
where *Y* Is the p^TBOtT being addressed 

(3) Is of little value 

Target Interpretation: Concept oal Categorization <- Request 

Question Concept <- 



*V* <-> ATRANS *X* 



l-< *Y*. 



where *Z* Is the person asking the question 
/ 

Er|c • ' 92 



• 

Examples: 
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Rule X Appl ^s : 

Do ycu have a ^ncli? > Would you give oe a pencil? 

\ 

Do you have a quartet? > Would you give tae a quarter? 

Do you have a ciRareite? ^> Would you give toe a 

\ cigarette? 

Rule I Doei Hot Apply ^ * 

Do you have a coat? {a, coat is too valuable to give away) 
Did you have a dime? (vnrong tense) 

Do you have a telephone? (a telephone is too valuable) 
Rule 2: MTRANS Request Conversion 



Criteria: (l) Conceptual Categorization - Verlf (edition / 

(2) Question Concept is of the form: / 

(^*) 1^ IS MLOC (*Y*) TIMF. (*PR£SENT*j 
where Vy* is the person being addressed/ 
and ^X*" is a conceptualization involving an 
unknown conceptual component / 

(3) ch^ unknown component in can be MTRAKSfid 
quickly end easily \ 

Target Interpretation: Conceptual Categorization <- ^ 

Specification 

Question Coofept *X* 



Examples: 

Rule 2 Applies : 

Do you know what ti- it Is? > Wljat time Is It? 

Do you remember Ai's address? — > WJia^^T Aj^s address? 



Do you recognize this song? > What song is this? 



9J 



> Integrate trigbnooetric functions? 
(cannot be|HTRANSed easily oAquickly) 
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Rule 1 Docs Not Apply ; 

Do you 'know Jolin? (chls 'sense af know is not represented by 
an KLOC construction with an unknown MOBJ) 

Do you know how to spell? (no, unknown component; spell what?) 

Docs Hary know where John isT., (does not address (respondent) 

Did you know how to integrate trigonometric fun< 

1 

Rule 3: Performance Rt^quest Conversion 



Criteria: (i) Conceptual Categorization - Verification 

(2) Question Concept is of the form: 

*Y* <•> DO J MODE (*CAN*) 

■ TIME (*pESENT*y 
Inhere ^y* is the person being addressed 
and *DOj^* is aone conceptual action 

(3) Perfonngince of , the conceptual act DO. is 
a reasonable request 



Target Interpretation: Conceptual Categorization <- Request 

Question Concept <- <«> DO 



Exaioples: \ 
Rule 2 Applie s: 

Can you give me a ride? > Would Vou give me a ride? 

CouM you light the ifire? — > Would you light the fire? 
Rule 3 J}oes tot: 4\pply :> , 

Could you have lit the fire? (wrong tense )^ 

Are you giving me a book? (MODE vslue # i^CAN*) 

Can John tell Mary? (does not address the respondent) 



The J^hird criterion ia stated Vaguely because the necessary conditions 
which lender a given act * reasonable' are often dependent on the 
conversational context and the goals of the speaker^ For exaaple*, in 
a small hospital vheii^e two doctors^are conferring pver an emergency* 
the (Question 'Can you perfora open heart surgery?^ .hay very well be a 
request to perfona an operation. But the same question addressed to a 
doctor at a cocktail party vlll not be understood as a request! 



Rule 4: Permission Request Conversion 



■1 



.Criteria: (1) Conceptual Categorization »• Verification 
i^) Question Concept is of the form: 
<«> DO. MODE (*CAK*) 

\ TIME (*?R£SEHr* or ^FUTURE*) 
where_*Y* is the persoti asking the question 
and DOj^ is some cpnceptual action 

(3) the person addressed has power over 
with respect to the occ urrence of DO 



Ta^et Interpretation: Conceptual Categorizatioti 

V*?riflca^on 



Question Concept <-* 
*X* <-> DO 



I 



I/R 



^ JOY VAL ^ 



where Is the person being addressed 



Examples: 

Rule £ Applies : 



Can I go to the mcvtek tonight? > ^ ' ^ ^ 

Is It all right if I go to the movies tonight'^ 

Can 4 take the f »r today? > 

Is^t all right if I cake the cet today? 
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The third criterion^ is stated 8tronf5.i.y and should be relaxed tb ^coycr 
social settings or relationahlpe where both parties are equal. In 
such a situation it is reasonable to ask for penaisslon. in the weak 
sense of staking sure there aren't any objections. For e^ample^ a ©an 
cc-ld ask his wife "Can I take the car today?" without needing her 
permission in th^ sense 'oT'her allowing it. He could be asking Just 
to make Bur^ she hadn't planned on using it herself. This sense of a 
requBSi" io very difi^rent from one, made in a relatj^onship of 
vnbalancea power (e.g. a teenager asking a parent for the car). 

Rule 5: Ftinctlx>n Request Conversdon 

^ 

AikAA**AAAA*A^A*A*^A#AftA*AAAAA*AA^A A^AA^ 



Criteria: (1) Conceptual *Categori^atiod^i Verification 
(2) Que^lon Concept Is of the form: * 

POSSBY (*Y*) TIMS. {*PRESDri» 
where is the person being addressed 
(Jj'^'rhe coamon function assqciatefl with 
can be easily executed 

r . . , 

Target Interpretation: Conceptual Categorisatlcr <— Request 

Question Qonc^pt^ *Y* DO^ 



where DOj is the Inscrussenlal script 
ccssiBonly associated with '^X* 



\ 



Examples: 
Rule ^ Applies : 
Do you have a llgta? -r — > Would ^u' offer me a light? 
Rule S Does Not A pply : I 

Do 70U have a piano? (playing the pli>'^o Is not trivial) 



A t ransformatioa very similar to this coe but slightly more complex 
goes Into effect wtien additional ittfonaatlon Is given about a desired 
state change, for example: ^ 

Do you have air ccn^idooing? Tt^ j hot In here.' 
^uld be reinterpreted as 

Would you turn on ch'e air cond leaning'* 



Oo you have a tis^tf tt*s dark 1» bore. . 
s^otdd % relnfcQtpEotc^ as 

^ttld you ttwra oo a light? 



The applleatioa cif sbase coavcjesiojs mtles oust be carefully 
order<s4 so th&fc scae leui^. fjili have peecc^ejice otfeora, Gooaidt^ the 
sequast Cos a cisoscttot . « 

Qi Do you have a clgatefcto? 

If tho mmctioa Hoquesc Coavessioa wate ' appll©4 beloec tfee ASSASS 
Bjsijuoat Coayeselpii» thie qiioat4©tt vosild W iotetprstod to ask ''Wcsold 
sou saokffi a clga^osic?* Sat if. the Al^AHS aAquosfc 'Cb^ersioa 
applied first, the iaf e^dcd, aea^iag* i'pa giv.a,aa a elsamtcl') 

iSvObcalacd, ■ " ' * 

■ ^ . ' fc ■ ^ » • 

^Ihe 'iijferfiijce saeeliaaisas dcsstibed la this siec£io» aite «!5JaSext 
aepoodoat la t&o '^eas^a tl^t coatextaal lBfamiit;loa say st^pc^. efejm. 
For exaaple, s-^po«e Jotna has beea out, arlaldng aad 'fea-c^lls ,»bsy op 
aEOttffld 3 aa ^to toil.hec WU be boafe Ja^ If ^ ti^La ccatext &Jty 
aaJss John 'Do you kaoi? what tis^ it Sstf sb^~4s pi^-glfably not ^sMog 
fop tbc, tiee. Ihe psccedlog tules vliX wotk ta^st o£ the tla^ but aot 
alva>'s, Mghor IcjrcO. pcedictiwc pKccessea <sa» ta^^em with, t^ aad 
8upp£«ss thea* 

3.1*2#4 implicit Causality 

« * 

Bo«fHja©s£i0ns jre si^ject to wide va^atiooa la coaceptual 
rcpecBettfcafeiua. At the b^iaaing of Oxapfess; "S^fi «k eav &ight dls^ct 
coRC#CttaI''socses £os (^uaatioos bc^ltming.wifch the «osd liow. Haay af 
thesb, soaaa.s ate reco^aised by tho parseja^but othccs. asra leSt for 
blgijar iaeaor« pcocaa3O0^o dfaeera. la C&agtei: Oae- (sQCtloas'l.4»a - 
UUA) m sm how 1«, scjrc coafeexta eha qimciea, 'How ^1 w eat - 
tottighc?" 8hoaX4 be trndQcafcocd as an ^tdjlcRsat q^catioa %M1© la 
other coacexts it is askiag^ about Inatstssssatality. Ifee ps^smt 
not atteapt to detcmine n^cb ca^slity Is sore appgo|>i?iafee "fos/ a 
q.uestioa like this. 13je ^mt %dll 4«ays tepscseat '*Bc« *dil eat 
tonight?' m.m InacrcaiaMtal/Ptoced'tttai queetioo. * ^ — J 

« 

vixich -^BmminQ ^ ln0i;ti^eatal/?toceducal quieatlou should Ins 

reisttorpteted a Carnal Mceccdotit os cjtue&tioti; tte 

Cau^ Aat€tc^C!ist Goovirsioa opcsr^tes ladapendexit oC the la 
<^lch ^ quaattoa te' asted aoisd so it vlli not be ^re^tod mtil 
afectiott 3»2* %t t&o %iabtm«mt Ck>tiv*^tsioa is sensitive to coateitt 
ap4 so «ill ins pr^^nte^ m^>* 



V 



^^e.Ss. Siabloa^t Conversion* 



t 



V 

\ 



Question Concept is of feb© fetas 

<w> BO. 

vhoro DO^ 4escfibea a script iiimc^tiatlon 

/ (3) Oue 02? o£ tU %^liitt coMitioaa for 
. ^ V ato not, satisfied 

T^rg^b liitecpr^tatiofej Coaeeptual' Cati^o^i^^ SadStemit 

' (K^ation Coacapt^* <«> BO, 



» ^ ' " *^ " 

Bo4f idM 3?oa write this book? <you caa'& %«it«) — > 
j . Bov*var©; you abie to wflte feitila book? 

^» iviU im eat out toaj^ht? (vlcfesat mj soaey) 
> ■ Bow vlll *te bo abie to imt out toa%htl 

8o« did John &ic at leoao's? (siace John isso barefoot) —> 
" , • " fe'W **as John ^le toT eat at, L#to»a'«l 

Bow M£ John go to Hew totk?. {qo violated caabieacQtfi) 

Sow are you coatactijjs '^oh&l ('coatacttog' do«s aot • 

describe a acripi) 

3.i.3 Cossworsatioosi Coatiauity ' ' * 

Qa^tloaa^lch occur i» dialog aco o£ten iacoaplete^. Bat people 
rarely b^vc difficulty muletstafldijig i4iat tb© latoaded eueattoo la in 
casc% ThQsa ate rules of ccavcrsatioaaX cootiaulty vhich, 
?^rJ.^K'*^iJ coaco^tually coapleto a partial question, mm 
iafors4fioo is left :o6£ la dialog, coavocsatlomil eoottismty is 
wuAlly salntaiaed by flUiog la infocsatioa fooa ' tbe last 
coaccpte4isaitioa cecstmicated. la tbta sectloa a basic rale for 
qoastioa totergtetatioo is ptsacoted ^cb relie© oa coaversattooai 
coatlattity. tWo~ sddltleasal ndes ato sivea m varfatioa» oa tt» basic 
sm^^^lch dCAl iritb prpG^inoUsatioa aad iastsaplete qy^atioas. 



Janes Sid Jolta go t6 class ye9eefir4ay?... k 
Milt 80. , - 

. Jaaoi »«hy nott * . 

Jftoej BM Jolw^ go class yesterday? 

BUit I dos'fe toiow. , 
Ja»l>i Shy aoti . " 

U tba f dialed- 'idiy aot?' refers co Urn fact tHat.Jfoha dUu't go 
to claso yi otcrday. la the secoad dialog 'S&y aot?* rafexs to tlwi 
fecc cl«t Bill dldft't knc^/ if Jeha mat to claso yastesday.' TSj&te is' 
oca »ifii>lo rule *Mch ejs|>laia8 hov to cmplota a» intwaftlcis qoostlon 
ccacopfe ^ich. has aslosd vltMo dialog. 

\ 

* Continuity C6spl®£ion iialei a • 

* Coaja,ete ^ipastial quastioa la tora« of th/ * 

* last -^if^ept <usKamicated' to th& quo3tlo6fir • * 

* ■ . * 

la the fi^st dialogs the Imt thing tl*a quasiiottor heard hcfor© 
askloi}., '^y Dotl' ms 'Ko.' Siacft this m& aa aasver ia teapoBsa to a 
ijuestioa, It ccsssttaicated 8oac coactfptual iafosssatioa to tbs 
<m?^loa9?. In' this case, 4t coiwcyed the lafor^tioa that Jefca did 
not go to class ytjstotday. dvca tim facdagletc (juestioa '«hy aotI* 
cim rule tell® ^ to coahlao 'Ii1>y aof,?' ^th this coacepfc of Jfoha jwt 
golag to clats© yasterdaly to get the coaplofca qttasti<?» didn't J&ha 
go to claas . .yeatosday?' la the ^cocd dialj^, tfea last thing tlsa* 
<|a«9tioiaer heard "t doa*t JmcrW.' this was also aa aaswer la 
t«spoasc to aa carliar qaaatioa^ aa aaoimr coaycyiag 't doa*t taiow if 
Joha woat to class yaaierday.' So hy asiag cha ctda, m <jc«hlGa *1§jy 
nott* with •'I doa't kaev if Jobs ^?eot to dasa yastorday,* to get *V^y 
doa't yoB kaov if Joha mnt to class yoatetdayt* 

TSilB rule vcnr?^ Cor a variety of Itteo^pletis <$aa0tioa^» In 
tot nm^ otter© m milt 

Kt t>^m It taixx in Pottlaod? ^ 

tas» (it toisis itt Itortlaod) 
As 8dv ^uiihl (Bow does it t^n la ^rtlm^t) 

As Ar^ >*ou l^^iiig JEoic Kov ^ork^ 
t€t»« (1 m lumix^ for Yqrk) 
/ A. Today? {Aro yo4 le^ltig tot Saw York todn??) 

% A{ to Jolm stUl in cliarg^? 

Uoha lij not iitiU in clmrgi*) 
A* Say^ («h0 wyr Jolm aot still is cb^tgo?) 

B3 * 



, ■ - / 

the Last HS^sIj Sf^late ^) is a tcagoiriHry &tota0^vi£Qz i^lch 
enabl'^s a . ^udf t^loBi adffl^fij^ to wasssbac tte/last^ ^oac^t hsj 
tto^ijalca^c^ 1^ qua5fe!t«aer,« Ea«lt tlao a new .^cfeange oacajf© la 
dia^, the mu^is a^aW ^feh tfea iasfe coascofc cogauaic4te4 aod tfea 
ptwietia cdajjcsi^ of ite llfU ate ioat. ifeis' slspl© device is 
si^ficS,ent for ,m of tlus coaveraatddaal c«m|aottity infereace ral^a. 

A JS^es 16 tela la Boc&la&dt 

At 'Yee, OM « It rates la^Etlaiia) 
■ ' Qs low euchl % 

Qj Md Kary get tte boofc ftoa Sasant ; 
- At Ho. qm « Hasy ^afe get the book it&i Samx} * 

■■ • ' * 

: Qj J)id Jote leave for :^av totkl 

At feo, CLHli • Joli^ left for lew tork) 

♦ * 

Hio eoatcatc of tbii jsust bo a cmpletc coaceptaaUsatloo, evca If 
fctefO aasws £c<k3 vbicH it is dctlvcd is not coopl«ta> Ifeis Is cot a 
jirobiea bs^auso cba acaory r<<it£lc5?al uatt of i^MH alvays pfodtt«c^> a 
ccaplota coQccptuAllzatlon, avca If tbe oasi^c gea^rated ia a abort 
aasffor (ccc Chapter Slve) • Eatorins « acu coae^gt lato tbe IMI ia tba 
iast process porfptacd by tfee ccaory search uait beloi?tt\ba cooecptual 
aaawer lo isaBsed %o fetio gcaarator. 

* Khca the nssst qucatioa rec&ivod by tfee locferpccter la 

conceptually iaccoploce, coavarastloool, coatloutty su3.ea arc 
respooalblc for ceabialog tfes cur seat qu'estioa vlth the cj^cyt to 
fos^i a ccaplbtc ceaccpt^^ml quesfeioo. tax esasple, tba qucstioa 
'l&ea?' caa bo coablacd la a stcaSghtforMatd t^jaaar vitb tba liOJ 
coacept of Joba bavlag left for York to fom ^ cosplota ceaceptaal 
qucattoo ^ich as&s "^^ea did Jobs leave for llsw forki' 

^ silQbt varlatioa oa ths basic coatiaulty cotspletioa ride, is 
aceded vi\ca prooD-aiaar |tefecai?e. augt b«i resolved in a quoatioa. 
^JhejsRver a proaoaa appears ia a faeafciootv the last, coseept 
cs»:si«aicatcd to tbe »|UJS3feioces (the VlU ceatalo tbe prosisaiasl 
rcfarcat. 

* Aj Is Joba still ia eiiaegc? 
Bi Bo, am is, (BUI is ia cbarge) 
A? l?ho*a (vba'B BUW) 

, la this caso tba psooaaiaal rcfarcat for *ba' ia aasy to fiad* tbe 
last .coaccpl ccssaalcated (Bill W la charge) coataiao oaly oac sale 
femaa la Ita Cit^ecptual^iratioti, Sill. So ''bo' xsm% refer to Mil. 



If Xh&te is seta tim one €aad[14atc for- pgoneainal xrefeceace 
imocg Elase acaaty tolcents apj«jatlng . in iha iast concept, thca a 
patfceca ssatcb fect«Q»Kt tJto questiaa cedcops tia last coacept will 
dotenslno Ifes corrcet iraletest* 

As Bid Itisy get fcbe bjwk ftca S«»aol 

Bj Ko, (Kasry dad nat^efc tia beoit J^c<ja Saoao) 

At «ho save it to hatt (i^o gave thBibook to Kai^l) 

Xn this cxiuplc tbo psoaoalnal cafercatw is a little batdicc. tlbe l^t 
coacopt casasaicdtca (Kiey did uot get the booji iec© Suaaa) bao oaly 
om liiaaisaatc pbjeat, ttm book. So the tefereol; for 'it' i« ecssolvcd 
to be tb« book. But tlysre ate two pooeiblc caoaidatia foz 'hoc.* Both 
Susan and fery ace fcaale btfsaua in tba liflT^ iba corr^at mfptmt 
auot be fouad by satcbtBg tba qaeition concept agaittst tba. JHO. to |lad 
Mkieh ccdpoRcat of tba last concept ctKsaualcatad Aotreapai^e to t!» 
ptocota is Ration. Ibc conceptttai toasoscnt<stioa fos 'l^ry did not 
^ofc tb(* book f tea Saoaa' ia' \ „ 



am atrats «€- boos «^ 

(past) 



S'OSAK 



OSJECI » BOOK 
BECIPIESf « HARt 



Ibo coocoptsial teptesentatlon for 'IJho gave* it to horl' i«x 



*l* ^ AtRAKS J- fHYSOBJ 



Adm « m 

OBJECT - miSOBJ 



%ec& BflH haa tba peoperkiiis of bcii 
pattern oatch «hlch rccognl^ais 
coacepfcttaiieatlotts and cfeccka peopeti 
'bar' (tbe recipient} corrcsj^sois 
of the IKUs Mary, Hiosefore tha qs 
gave tbe hmt to mtfl 



htssan and feaalQ. A siftple 
conecapondliag slots in two 
.f Hat valm^ csB dctamino tisat 
tha mi^M tbo sccYpicat slot 
iatlofirio inteepffeted to scan *l8io 



At Old Susan glvo tba booi to Haey? 
Bs Ho, (Saoaa*dld tsat givfs tba book to Hiiry) 
Ai Vas It given tst bei b>'(AnB?'<Ka» tbe book given to 

. Kary by Aaol) 



mis eisaple U MeatiC3l to tbe last one in processiog c^picsity, 
la Coneeotttal paf«ode«cy, tl»' rspceeoasiifcloa foe tM» dlales 1« 

Did Maty get tlia bswk iifea-^^a? , i 

Si Ko. (i&ty dfd sat got ebe tjwjk fc*^ feiaan) ' 
At Did Mb give it to has? (pid Aaa give ttse Ijoalt to 

• , Macy?) 

Bofeb pm'^ 'Did Saoaa givo tha lieolt to J^Eyl' and 'Oid Kat» ji®fc tha 
book fres Susaul' «.ee rearcecatcd by? . 

- * 



(past) 



;SVSAH 



Both 'Was it 8iv6» to b«t by Aon?' asd 'Did Aa» giwa it to beef ' crc 
cepseBentcd coacojptuaslXy by« * 



Cpaat) 



Ibcs tijfeccat foe **it' cm only be tbe book, and a patteni satcb 
against tbo IM dpfcocalaes tbat 'bflc' (BGl^) smat cotcaspocd to Katy, 

PEonfittlnalixatloB is really a problea foe latecoaUKatloQ, Vm 
of the ms to. piroBoaijwl tcfoecae© muatratee boir techaiijiica 
dttveloptfd lor qpAlli caa fpUl ovet lato other ptoccsoiog dossaias. 

3»l>3*4 Ftfcus-Bisged Cootitauity 

la am last section m said that tl«s * ^aac cocc^etualisation 
roprcuentcd tba qasotlocB 'Did Ana give it to bee?' aad "Has it givea 
to bet by Ann?' Ibis vao an ovecsiapllfication ot the reptcscQcatiocjs, 
but for the purposas oi the ptono^ijjaUwstton rule described la 
3.1.3.3, it vao an adequate statcaeali i^ttra aro, however, sltuationa 
^oro it IB aeceaaary foe the coiaceptual representation to distiaguiah 
active aad poaai^c coastrtatioaa. The diatlnctlon la accoapliahea by 
placing a tofcm flfiS on titat to3i«)nent o£ the eoaceptualisEation which 
-ms -eaphaalrcd by tim sentence attuature fColdsaa WM. msiiig focus 
flags, ^Aritt gave the book to Hat^,* la represented byi • 



1 ' , ' 

pia la not exactly trua but It ie cloco enough for- the point at band. In 
the nect sec tit a (1. 1.3,4) iss will sec how Coaceptuai Dependency does 
dtstinguiBh active and passive coastructlona ao weli aa 'Sneaa gave tho 
book to Koiry,* vo. 'Kary got tho book frca eaaad.' • 
• * 
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K Aim 



AJm ^ AtoS *^ BOOK <~ 
, faciis 



this reprcifsatatlea ef focaa la med w^iea coscepfe cospleclQR oi^otlooa 



Dr.ALdo I 



Bt Ho. (Ifiiwa di^a'^c gl¥c the b«ok to Katy) 



At Vho <2|d? (i<feo gs^c fehs book co ^ii^l) 



<«> AIMMS 4-' BOOK 
(post;) 

V 



l03 



V 



Bt imsy «3sa*|: gSvoi tk& Book by'&jsaa) 



SCSAS <»> AtRASS #-«.BOOJS #«- 



£ozm 



»-< SCSAS 



Ai Kho «aaf <**o loa givca t&a boois by Sa«aaf ) ' 
S03AH <•> A1^4^ -^-BOOIC 4— 



^rMiQC 3 



At Uas t&e S»ooV, given t» r^tfl^ Jm&t 



^,^AI^ <«>'A^|EASS 4- BOOK 



U AS? 



At m&t mst (vfeae i^s gives to l^ty by Afis?) 



mi <*> AumB *?* 



^ AIS 



4. 



In these di^lego tt^o qoeatloiB cc^cgt e^t be iafc'tcci ca tlio yusi© ©f 
im. Hie faterrc22tciv& prosousa (yfjo, isfeat:) eaat be 4psiga5l to a 
role slot in a cossplctc c<«icc|>$usll4MifeioQ, Usi© cofi««/j?ttt9iiaaii®a 
Bttofc be dtseivcd Ccoa the cofivereatioa. « 
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os«ft ©fiij' tiis HfiJ. 5giea tf^ kjIerovs co©|»{^g aa Iscajplcta 
<l«c«tle3 do«s arc fea>fe aa «1?^u&: »le Utl^ ca tfee basis 
jiactcca G3IC31, tfeca assiga tbe eakao^a. ccqpiBs?fe to tlse- role t^lch 
c«»ccivtd tfee focas tl&^t aed coajicta tifec ^osecjt ylthuut fectisse 
iltecaelojss. Is DIAI/XI I, foci^ liU ca tisc mtm alet §9 '»fe>* Is 
a^sigciaa to tbe./,^^ elot. Xa tmm 2, foces fell cti tfes TO nUt «o 
'*^o' is uml^^ to thu W slot, m I«AiC^ 3, Secas igis &mim^ to 



tfce basic cole foe cosvcseailoa^ eoaciauic? ffcfuijre gc^setal varl4 
ksowledge to lie cocOiisi^ witS cbe im to iS^ <5a?is&iejs«; ordcs to 

^ , As I %tmt te awifcks « t^S^Mra^ql* 

Bj (Siccidas oe «ss\?i!^ef /*. 

(Do fou %«afc CO tati^r^ feca k cfedcltlag ' 

. -''^ ^. 

la ocdcr to Gssderstaad tliis qecjcica it le nmekmsxy to kaoe tfcat 
'c&ccJdisg' 0»i *«avicg8* rcfce to &gfm o£ h&ak aceot^ta. It ia ai«» 
Q«ceaaty t^, Jeaoi^feat a wltM«««3JL la^ to do witfe « Beak «ccosat, i.e. 
a. witlidrav^l is a ti:«a6«ctioa Sa Msish kois©^ ie tafe&a ts&s. a fei^ 
accoiiat* Oste fckesQ coaa£5;ttsas ate ssade, tiaa <i«2«scioa cm fee £«^Xy 
iatetisratcd ia t«x»s of fclje I20« 

This kia4 of leawie-lge VQald be Umi la tfea cosweesatioeai 
§<ript (3*1.1} £o3c Ijsj^ tcaasai^tioss* So cost^et&atioaal scripts east 
be mci^mtd alc^jg wit& t!se 'JKtJ ia erd«ar to eespleta a paxticai&r ciAoa 
of paet^al qooatioas.^ ' • 

\ ' ■ . ' 

3.2 Coatext-Xfidcpcssdcsc tefetcsccs 

C5oatcxt-Iadep€si4ast cesfexeiea yulca aa.f be satiUKd, by the 
laterpeetee ia cay coatext. tbes« gciscral rulw are etru^tuccd ia tfec 
ease tay as ecsstcatoal iafctessc jfylcs} eacSi oao his a est ©f 
Ctriterla aai a Target istetpsetatioB. A rule ia'acfelvaced ealy 
Itta Cciteeia ate satisfied • I£ aU of tfes Ccitisria arc satiafled, t^ 
role chsa^cs tto ^^iestiea's cosacpteal catcgoriLeadtoa «J5d qiasstioa 
coessspt- aceorUas dircstioas specified eadec tbs Target 
latcrptctatioa. * traasforaatioas are d«£aigccd to peodute a 

Tas^ct tatorpcetatloQ sAidh caistiireis J^t«w?45d ^oesttes «a oppeecd 
to a prceisaly literal ^lusatiess. 

Qj Do :f a do jutxe t&s^^tkt • 
A I Alssat Qevce. 

I^is qucatl'^s ia ecchaically a VerlHcatloa qac§tios vliich cotild be 
asawared by a sixsple yes or ca# f«»t tbo mmi^t glvca s;«scllica tbs 
f rcqaftacf of tfee stt ia ^^tioa. in order to 'fsc^yce tfeis mmie a 
gcai^ral iatc2prc£lve rule had to be appUM to tfee f^i^stioa whi<h 
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if€f ccm€«r5EE4llif^3 ^imntion m . ""Smr attest, da 



. <iu^^oa C5Sdc^!:j<^ ^Y^^^'^W w. 



it 

.Vhy am J?aa pajfltjg «te sou? (wrmss c^ssecjpee^ €it«go 
JSij? dfdQ'r W4 P^f ^5 t^at (vrosg toisc) 



l{0uld jpia bare? 




m 

9 * 



106 



Bsv ofccsrd^ lit Eae^ in FostisBiif 
E&sr of tea do yoa C4t.^e Clask*al 



. ' ' Eav offcca do do ^we iiffisc^ojcfc? 

»ld tisa fccaia arrive tMs aomlcat (HAS^ig « *SEP£&IEOLT«J 
. Xs Jdiia going to ISaw Tozkt (HAKSES « ^mfAtK^p*) 

topically aoaatlilBg i^ch occurs agala and again, ie de»orJbc« " *a 
sittaatioaal script* Aay SBch oitmtio^ Bctt|!S wili lurea'a 
dcscripfei**© tag iiMc6 says'.tljat tMs sectpt ifi' aoxsauy cecatecae, 

IrSiac 9i D|iretioa Speelficadoa Coovcreioa 

\ 

^CtitarJas,(l) fesEccfDfeeal <^t5sottUati©a «• .Veriiticatioa 
(2) QsiQ85l<m Coa/£cpt is of tfee'iosai 
iiHE 

t&orc ^* i» a coaccpttial cvcai; 

asd apecrfHctt aa latSsr/al ©f tlcfe 

Targee lB?'*tp?etafel«ni Cepijcpcsial Catcgoj^^ Specif Icatioa 
.Oi^rrioa CoftCcpfc<» 1* T1HEDC3ATI0S (*!*) 



1U7 



I 



fejl^^ggllc^. " * * * " 

*''r * * * ' 

01^ it rain iM^^caj^oisgf «~« >. . ^ ,^ ^ 
„ • 'i^^sK-Jcl^ aid It saia-Chis ebtjiiiiss? ' ' * 

Md it hi3i4 for a.«fe|lef *«~.3r How lej^ iid it hurti 

^, - »'> * - . , » 

• ^ ' '* f ■ « ^ . ' 

yStt vatc?j football? <j^ald^%e tc*a9fd«5C* ficat Bj? tBc 
*f ' •i'ecQtiiUH:^ C^scificatloB <k)B*«reIoa^ 



014 3^olm go to Ifeii torkl^- <4i>c« tjbt 
/ *^ ' / V over «a 



se^ 'Hoy ^ixm do yoa^bcat jfosar viXe?* ihkm ^m^fui^x^ ^^otdd bo 
se^itlve to ^ir talkativd £ha ^y^ie^ ^ tfe^^fib^^ld Wy be M 

* fl/at« in' t:oro^ buiines^-JLlfeo # and. ^ 1<^^ cofeV«;r^ao;^l, th^m 
coisv€n>ioa3 sbould bo Ignor^jd^ Softer coaviwi^it^^s o£ tbl0 «ott 

* are closer to Uoa^tlosal t^$^ " of cyem^er^iOQ tb^n. strj^f t 

* ltifcori^«ftivo procosilas* ' - * % 



Ccitertas 0 1 CoacsptOal Xatcgorlsatloa «• Veifi£lcat;s|f5 
{1} Qtieatioa Coacfept' is of tfec 'foras J 

0C-, - ; 

, ' '' - ' . i " ' ■ • * 

larget Interpr^tatioos CoB^tual 0|tejjo^<-Ee5Bs«t • « 
> ^ (^ati^n <i3sc^t<» . ' 

' ' where ^* i^ tf^ petcsos bela^ aafircsiscd 



luxe 10 Appliea t * . 

Ca^ t have a eookie? > «otsld you wet ^ cookiet 

Can Rovec have yoiuc i^tot^c- boiiet^ 

Koiild you give %ver youc ieSCQvac Imn&f 

Bulc 10 BoeB Hot ifi^: V .\ . - 



this 4s a physical statte desasdLptioa) 
Does ijoha ba\^e a eai?t (HbDE^altie # *G^J*) 

^sooedilns:" about questloae?*s kc^edg® stmts, and g^^al abates:* m 
. has t set asks isiat <^ 4 

Qt: '^at £i®ta, ase i<}tt £a? * 
he should Ssiterptet:* Ql te^ aaaai 

- " Q2: %a.fe acaaeaic fietd are ycu In? 

• ' " . ■ ' 

Civen thla intasr^cetailou*. he csq^ sesgdisi or mi, a^vs^iam l«»el q$ 
dessxijeieoj 'X*a ta s^athe2sati««.' mt i£ he' i» afc a gsrat^i^sS^tsai 
5;aJajeaacic3 emt£ssreace^ a!ic.ui^ h^a. an.derst©ss4 cx? Ij® aaidt^? 

* • ~ ' ' - / ' - " " 

0- "0.2* ^at S5«:c£al$y Heli ar? 'ycct la? ' , • 

Q3 scouXa be ac.w.^xed- a acre ' esoficsrli deacrljttija; ' ia 

zft^i3$ s:% cssic^t'aal sats^sisatim ae^ siueatissx is?«w|£a- acs«»Jia4 

art±ea«r rules t'S d^gesabia&.S3i .scsae scsc isS atejr* acsis^ t« tS^ 
ltissti5star» sMs ^se&all&ig ^ t*a€s..^ai:iaafe3: i« ^ ^ c^rslaat c^^£.* 

$s still a very ajea - & e>S::ftefe isci^ cf <?tta«&lsa ass^itla^ 

kaewst atad ^cesa'fe tecw^ .fee. ^&a*&^ ^ ^ _aaSta- . jj&e 'ijae^^jaa- 



V 



^ • ■ - * . / • 

fee- this pr.a&X«a. wUi fee di5c«sse4 tbe wich-iKjiat cf smctry. 




^fe il;^ .1.1 A:g^^gttd^ t . 



Sliy 1^ ytm- taiHt t;^ ^|s« pi^ssite* * 
iH:^ ^iit^^ a$ j^i^ ta^^ p!^^:^;^^ b^M^ ^^^:m 



% V * 



ERLC\ 



? 

c 

♦ 

& ^eciflJtatiaa sjeasfciffia ossc vMc^i asT^i^s a feature ^«s^Uf^stoa 
«s^!4^ ^a:afet'dEt <5«er^ Jf *.ife<:^ ^tl?^ ?s;«^aeas>* 



5*. rm im^ '^ " ^ 



^i^^ ^ 4^ t>5£t "t^i^ ^^^^^^^^ 



^^li^^-^ Zi^^-J^ ^^^^^^ 



4 

* Cist laofc it j;<;«?^3t> 



- - J* 




?s!^i!is»tii, Each S«^lls©t I^J^ s«|*«^ta a ^ss^^u-^^ 

j^^^ tt^^tm4 ^\4SS 



\ 



'0* Intt^uisfctoa / " ' ' 

ea<4 a * <jwsat4«» has l>c«a ' jiuf f icicatly uc^ctatoed by Infctcatial- 

?o«fc, nvc, aad §ix dcq«sibo. tboae pcocessjcs la t^SMH iavoivoS- la 
fSjQ^tQg a csjJiccgtual aaavcr wMch caa be pass^ to the gcocrator* |be 
geAeyat^r traaaUtaa scaccpt^jKtcptcocatatloaa loto natmoi Aaagease* 
ij<*C5dfctoai, liiMj msl«s» 'is aof part ot «bs JJM aedsl. m 
~^acratc»r ^i«!t iaeorfaJjca wi^h QCAIH iapata a coaseptual aaswsjjc aad . 
•to»l-4tA» It ma ^U^, ia tba jwtao tfeafc ^km. caa 
!t«rchsasie patscra, a scacratat for aaj* l^tasuage could* b« attached t<? 
aia to^o4uce aasvct© irs ttsjSfc.laasx^sc. 



th«^ gro4C3aca of fi«din& aad, focaulatti^ an aaa^s a^fe spli% U 
ijsta tcuahly tvo baste puvesacas Ceatcat S?ceifl<;attott aad Se^sar" 
j«ar*"H. C*aXea6 %cei£icati<jts, defc^mittcs vhat k.t»d o£' aa aasvar 
«tKS«l<3 be pr«>dtice^ haw lo&lt fo$ u, vhll« tha }ksm Saatcl 
v^s^ »^ sctoalljr flndlss infox»atl«a. Coas^Tat %aJ:ietcatloi 
W'^ndm dttcctiea fox tbo Bpaoty SeaixU, Occaatoaally the Hcsor- 
S^iarcJt {l«d« acoothias. v^i^h i»dJ«:&tc;U that vho. quasttl^a tta»t 
ajaly^ further hcf«ro the Sisiaty Sca,.».h caa eaati«aue<> iHia ia thi, 
-A-hcQ the fectta of a- <jisaa<£&(ja aust be catahlisJtcd* ' IMia- focw 
«#?ahtlSha&st t| isero ptoporly aa aspect of «taoafcxoa l3!»terptctatl.t»a,. 
kahvlcd&e-hasod fo«ta hciictatt«» axa 4«a«slfcicd .here hec^uSa thay ara 
i3V«>iSNi vhc^a tha Coateat SgAciftcatioa prodicta a possihia acoi 
for. tbca aad th« Heaasy Search coafir«?a that they arc; .fact a^ed'^^t 
thfe 4a^tl»^ divl^ioa .ha's^e^m ^sjr^caaditjis «jaeattoaa aad fiadiag* 
ajs3i«j.x« is^isaea dt£f|«alt to a^iSatala ^aa th© .aeaory aca««h .iiivi^s , 
he'^i«it'ca ^c^j ar« u^atitiay iatcrpsttlve«. ' • . 

%* UecSjifcis ^« to 4te^(Har a jQusstioa ' - • ^ ? 

i^sa a <iaoBtloa has heca mdarat^^ hy d«coago*itioa into a 
coss:«^£u3l cat«sos;i.^tto3 *|sd, A siiaostioa c«jsccpt, it 'is tlso to "decide 
v-© to aais*^ t^ fS'atS^ja* ^lild t&a aaa^r ha hoamf 
«^«®il5ist •Ssoul^ s^^^ a iot of d^tatlf Ox ahouiii it yr«v4da 
aa latoisa s r>as^B^ |SJ6$£M« a»d ^tiU ha ^orr^^sst to a lai^o 
»«2Ctoat» tha»<^ i^^a' csgi, oajy be «ddt«38cd to toraa of a theory of 
o^s^e^ttoa aitoodita fos ><hy its^jla tha thi%a thay do* ' 

^-s vott*t att&a|st to soivo fsoh2:caa t«v cc^uversatioa hero, it la 
a^j^^psMto. to dcsi$a aso^haad^ ia Q^AUI W^ttch ^m, iatmrat* 
itwstr^tiosx- darlv«d"fsoQ coavi^satlosaX §oais iato.tW i$*/A ^rsHjessaa* 

fA<tot« >&i«h dsjtctsiitsQ vjtat gcojltt ^y atsd bow thiy^ »ay it x 
«^ so^ivatio^ja faotorm- costser-M \lth^tho «<aUxt ajsd jmr^ote, of 
coisvcr*atioa« ti- ,a isod*i4 ol Q'A dooa not aofcjo«l«d^« the , tola that- 



t>^ totsa 'sct?crattoti' »a« »04»d si^^soatJvo of tha catlre ^.tocesa 
<^Mi:h flsad* ati >£asi*«s.t jrodtsc^lt tkatusai laa&ssa§« reapoasa. It is ^ed 
feer« to 4 ??5-st3Mm\*o i^^* la €hia thasia gciser^tioa la a techalial 
t«»i gtf^srrJag; to tl^ ^s-es* vMo^ roc^ivls a eoa^eta co^jceatual 
i^^fm^fea«ois sai |>sodso<e«. « iaasoaaa traaslatioa of t'hat 



iheB| tmthm umt i^a^ ijiHthe quaation «im%rl«s ps-ouMi, it'canaot 

vl«wd as a coepvcheBsivft aodel o£ huaan questioa ©asvia^lns. 
fact.&ea;^«jf wttial tnt<Jt«ctiott njt^^ M&xf ««U «a(!etafc&o^ at- this 
'^L ^ Sfmclfy hev suet* faetora s^f^et ajia coatt©! 

j»B|kton «a3i»titss* Ihat is, . (gism does aofc teew vhy J.t' a^®- vbat it 

tTS^ aaswr <HKiatiottS kaflltatively ©t Wolisaily if 

. ' ' . ' ■ . ■ ' « '•^ - \ . 

. ' ^ the cotttcjil of tfee l*Mo«l^ mm. ftM»ply tW 

follmiifts aoswa dt«l«s a quesiiott aasw^^^ session with SAHz 

valit to Sev^^ibtV.hy h.xts, thSa "hn l^at to ^ ^ 
• . liiettB*^* the ho8t«8tt g^rM .^phn a »eoaWa %a • ; 

ordoKca X«»anaa, Jfoha aio «ad foe a jchceltr ^ ' 
lihon the'«h8cV casie, ha diicovcvM that hfxkUtCt / . 

^ttve aoy S80My-s_o ha' M_ 4,«..»^*h-<ii8he«*. -y/. ^ 

' r ---t^^ ^ •/ 

- Qlt mote did Johii get ^ ' v ^ ^ 

Albj Johtt fecV a hai i<>*??cw tetk. « / * 

^ ^ ^ " f / * 

, ; A2at 'tett. /' ^ . ^ , , , . _ " ' / . 

. A2bs tea, ata ^seae i«|»as»a*' * "^'.^ » ^: ■ 

. • Q3j &J.4* fch« vaitteaa iriviT^hn a nenut. ,s •. • 

<j4s md 4ohtt |>ay the chotcV^ ^ * ' 

A«ibs Ho, 4^ di«iovec«4 that hjad no Boady a«d 
SQ he had ' tcsv vash dishes. * * 

.'i • ^ 

Q5s Vhtff gave- 4oha mml j \ " ':- 

ASaii "Ihe hQ»t«s8« * » * ' ; . . f. 

A5bj the hos^ft^r gawe ^oHtt 6 teseriiu. ' ' ' 

Oonteat Speelflcatioa cm hfe thetjght of da 6ft intesCaec devlfee which 
t^es iafomatioo .ahoat the gsoatisi attttudft "ot n»6d of syaim 
(fstocft mf &roc»ss«8 outaidc of <JS!^lH v)iich caa . apeeify sueti ^^hinsts) 
«aa Ittteataies this itifotaat.'ioa into, the retcievdl ioatruetions which 
prodi«ie aa appropriata susw^^y, (tae k^M o£ itjsttijcti?sa it gives to 
the Ifejaosry Seatch ittcot^o^fetea 4tlitWftaai>At'iahl«s iiod ia called an 
Slabe^tioi^^tJptiod. Another; jsind . ot Inatruetion vhich *H^atcnt 
%«ctftC4tio6 tsay t»asa tit ^be %aory sa^tch ia 4 Gat^sPty Trace 
Iaai«»KS^ion. Category tra^p J^strocjiiona tako* into accksunt «hat kinds , 
6f processcu voi?e activated >auci% ttifeEenUal Analysis io oj-^l& to 
uRd^srataod a quasUoa. thai ISi. sosffe mtsvfcta tofiect the intctptetivo 
|roces«ittg,^1tlch^vas «se«f.,.tff uoderatand the^t. lo Chaptop Tour tha 
Conteot ^ccificaeioa 9nlt |:s oxpl^ne* and specific Blaboratldn 
i^tiona and Cat^osy Kace i:itetr#ti«itia ase desorlhcd." these apccif ic 

. ■ • • -.1" ii4. 
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•mlm are not Intsmdca to be a impUia aet all fctwi ElaliOi-afcion 
c^pi^ona aod Caei^oty. trace jthstcucfeiooB which a general (pcsfclaa 
aa«*eccr auat ItQvo, Stsoy aso pfo-sdy roprcatmtafclvo and; loccadtS to 
muatrato m gcaecal idea Content Secclfieatton ratffor thaa 
dai^aitival^y c^twunt it. • ' 



2. . Carcylnfi Oat Ocjoies 



4 



ate okanMd occprdlng to tUtce HcvcdQ af 
a atbry xreptfCBontafciotti Sculpt Steuctutca* 
aad /Causal Q»ala Hcpcasontationa. Whoa a 
atatic ptorocJ^ejB or jf^^^^vg|;^o| thlogo. tha 



, Ooce vo icaow to seacch ak&sy foe aa aaawoc^ fsosebody has ta 
T ,fcha actual disglog, tWio is the Job of 'tho Kcaoi-y Soatch. Iha. 
JJaory-Soatchds daeitt# by a /aat o£ default tpteloval heuHafeice, 
peuo dafattit heuriatio© / are gcaotally a^^oentod' by apeclfic 
laBtritctlona fpoa Contoat Spe/jiacatioa. Sut tf no ' special guidance 
laptivldcd by Contoat Sppclf/tcatlan^ fcho MgaoKy SeaKch mIM ecsok to 
ita Btandftrd default proceaa^B fc(s psoduco aaifino^r* , ^ - ^ 

Jj^Q^OIHy 3Qat<ilht»B nrn np&j!tn'l»Ati ni*nn«>>l4nn •.i...^. X 

, deocriptlott * vithin 
Piattning Stcuotucaa^ 

<|U6atlon a6kB about _ ^„^,- — t- 

tfcao;^ flcatch ccaorto to ctifscklng au^Sitlon ^S'B^S^ciS"tokan8r 
Iho ^uM^feica iaiivAoad ata d^sigticd to take aavantogo of a atopy 
r^pioBontSfelott aa t|ucl» as /poaalbla* A» euch Ihoy , aec Intiaatoly 
ajpno^tcd to 4ha Specific Joatutoa aad aro^oirtloa of «ctlpt and 
platt-«?ftocatcd acapty teptj^iantatioao. . i«a fadt» tha dcaigo o£ tbaifo 
story Ycprosantatloqa fiab been altered a^d iix?:eadcd to accosasaodato 
rettjpvia b(Quplatr6d at tip aaae tlno tliat* tha "totrlavai hougistlca 
have beea^dcalgncd to^fit/tho atotj* ,ropi^6eata%^^^ ' 

Vot tho Hoat patt, tia lafomatlan »d»lch la liijcdod tQ -psoduca 
anewots to Queationo / .about atoifieo *txi&tu wi'thin the atoicy 
repr^jBoat^atloa vhiah Mas /gonotated at ' tho tlsia of uwdotfltandfog. But 
ttfore ai::^ <iuoat%na mi^ can otoly ''b'a MiMatad by aativatlog 
!?x;cdlcti,vo -aesa&t^ ^tofecpca ia. <sonli&jcfcloin with thi etoyy. 
top^^^ontatloa. , rot cx^pjo, auppoaa m hhk, %1»y didn't ^Toha otdtot a 
baalsafcger?' in fh6 context of a atoey whoca John ordeea a hot dog. In 
prdsr to mm thi^ qu.Qatton wo ouat -acMvlifco peoccaaea whlcb can. 
^ijovlde lafoEwatlon #out ^y John, did vhat '{ja did Instead of ^ 
aoiaethlng' aiaa. Thli ln£^*aatlott ' cannot bo found In the gtoty 
r|g!eoBtsntation,tfl^fie^ Special pcocQaaoa which arc activated during 
the njcaory sciarcTi «hon tho atory tfeprjaaontation'la not enough aro 
deactlbcd in detail ;lV Chaatas Seven., Mi«fle . oltuatlona ahpiid bo 
tbd^ht of af^an lixcoptloa to tho tulei most gueatlonB about a* story 
can bo aaa.Mered on the ba^ia of inferei^coa i4iich were laada at the tltda 
of undorataodlng; and otorcd, in the story eGpceaentatlcm. 

In pjapter Five tho dctfault ratrlaval, hourlstica of QUApi".wlll. bo 
describe^ alotfg vith 'bielof deacelptlona' of storjj rcproBentatlona 
gonofcrftcd % SAM and. PAHv 



3. 



Anawering Better by UAdcratartdltig More 

, ' Thei^ie are tines uhen the proc|j58or- of qucatlon interpretation and 
mcfflory iietricvdl are i no^ ncojtly divided.- In Chapter .Six, proceasea 
for anawering .quostiona )irc described where the iSkitlal interpretation 



of a quastlOQ is foUowoa liy a B{s?ory eeacch i*lch Iea4e es a need'^foc 
f otffchee aaalyoio of tba quoatlcn, v/hielx ia tuea ircqttlteft cosductiag a 
nmory neaech»^ attGv i^ich a Cinal nmoxy seaecii for tlm memr ia 
eoeipltteed. thQ ^tficooBiog flew ol- coactoa, for thaea ^sfetena la- 
outlined in figujfa* 3. The focus of a quaatioa dltccto att'entioa to 
apacifi^ i:occoptual eosponeafe of tho qucatibn. tocua cao be. ve^ 
lapoctaet -i^diefccmiaing tihafc «i quaatioa la aakiag, tor aiuspta, 

^^Q^i Wao it tlvn waifcrea& iHio gavo Joha a bcbu? 

is a quoBtlol^ «!iich ditecta afcceation to the vaitrcaa. K coaaeptually 
oq^valcnt queotioa %^ich doco not carcy cucli a kitpas foeoa ist 

Q5j Md tbo vaitraea give John a ttoau*? 

To me that focua affecta tho aoewto "ifiilcH A ^Quaocioft will fcafee, wo 
aocd only point o'ufe that QS caa lia ansvaradt © .j : 

^ Q5« Pid\fcho vaitteaa/givo Jolia a oepu? 
A5« ^ijO| thg,,,tfeiitcea,gA'f av^ 

But the man ammf cannot: bo 8a6Q.thly offered in rasponao to Q4i " 

q4 dcaanda an miev(ir;o3lo»j5 the Itnaia^oft ^ * ^ 

Ho> 'iioaolJOi^ cloc |[avo Jtohn a iao«u; 

* ♦ , f * 

Q4 catrioo a voty sttong l^r^auppd&itioa th^t John i«ifi'» gtvan d cuanu by 
cotaQOflO} the quGBtion lo Khol Q5 cnrtlc^o no auefi^ prdauppoaitlon* 

Focua in A qu^&tjLoa cfla be oatabliohed taany myn md at ^i££oreat 
polnta lo th6 pr^ccofi c^o4ol. Oncn baurlotic for focu? ootobliebiactit in 
QUAIU has hmtk jisiplo^cntad i^or the SAH syat6ta undf 4« described ia 
Chflptcr Slx^ tblp 10 a feaovledge-bfloed bautlstle* that Is, it rciioo 
ctn gjf^aeral wprtd IcnpuTtodgis fqr J^he identiftcatlon o£ tocm r^thar than, 
pynfcncftic cdnstructlopo .(ffs la Q4) or lafcooafe^onal dcvlcoa (vbfch . 
pight bo. uacd la ^pot^n dlialog) ♦ > ^ ^ 



/ 



/ 
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4» Cn^cratioa' i&to IksgHub 

neso)^ 'Sciaccb, aU tMc xeaaJas W be 4osc i© BCAcradoa Into" 
KeglJsJt (or «!wtcycr iaag«ag^ 1« desired)* iSss prograa vSiich 
g<a|5ra£es jfc<ss Cooccjptuia ^pci^eccy into Xaglish i» aofc pact o£ 
(^ttiaj It is aa iadc|!«aiiftflt uyniest iMch jxxelj.iaicrfaccs with 
<;^mK. Itie CcmcFaepic is based <m aa otXgiiud progwa J>y Eail 
Oo|&«ta £<^ldaa.a l|?^,ijbich hsf jelace hem cagsaisded la tcraa of 
vc<iabuil«3r imd Hacf%^ to tij© tom:m of aet,;icg «p an iai€e£ace 
bctwaca aiki the CciJcrafcor, ft £ft*r alsor addilioflii wste issdf! 

CO tbe %is6sato£. 'Qxq mtt Sapotbaat of sbosft feoa a tfccoraticsl 
viewpolflii; "sottcesfis tbe use off oix<^ coascpSCff. 

Ibcre fire naay sIsms i&oa qfMH's aaaccfls^lag of ao «a6««r 
caa bo cast effcctis:«ly co«Kaic«f;€d to fela* Ceaeratoc la a aixc4 
fonaat of sosse couP'-cfeiircs and fi<sao Cenceptaal Cepesdejsfty. For 
cKsapIc, itt aaciwtlag a wby-qt»efc4»Q, thtm ie a , efsccilic 
rctricvat faocristtc lAicb ia deslgn^ii to produce aft aoever 
cesusiatiag o£ tvo cauialXy iis*s<i coaccpts. Ia all cases cba 
causality beewca gbeso tvo cOBcepts is eo specific t&s tvo 
ceecepts caa sUmya ,be joined togetljar^ ^« cocascti^o 'aad 

E.g. 'John, iisa&^c^iid tlat ba hM oo^^ Ijob^ aad so be Itad to 
wuah aiabea,' or '-^6 m^em eol4 Joba tJat thsy dida't havo 
aoy hot dogit aa^i eo Jjj^ l&dercd a, imklfgor*' Sicca tbo 
reteiaval beuHsfeic caa rcXlabJy predict tba"rSy aaswr obtaisscd 
via that hcia^iafekc caa h& eaprcsocd uslag tbosa couaccttves, 
tbcra is no rcaeoa why tfec CEeeerator sbi5«l»i hawo to bimt arouad 
trying to f lad aa appropriate 5omiective»./ *• * 

Ihio is t^ote cdbccd'^ cq.accpi:fii case, tc tho jreacua^ ilia 
Cfcftowtor fead bcea cocti^^ c?J accept ixitomatL^*^^ BttiiCtyxmStoa 
Q0A1K wlilcb are part l^gHsh, mi p^t Conet^toal Dcpecd<*sci7** 

pxr^lct tba cotmccttve ^^Ia%im!ilp& betvcca ^Loaeopfca. ^JSam^ 
anavQts ' Joha vas aiisry beeaoso fci^ Imcslitafgcr ma btxtnt aad ao fea 
li^t,' thla anawor origiaatl/'e0f^ as a ctlxed 

concept 0/ tfarea cdnc^ipLuall^catioas aaa two Ifegliflb cooacctlvea 
of Ebc fom because ^t^ aad so 

Ihis Is the only mf^ct U <gj!&IK iAilch cotdd caaccivabXy bo 
dcGcrlfced m baSag laiiguaga depeadcait* Xf a dxn^^r^t tot 
aaother language ware attecbed to c^ttlH, ttes eoaacetivaa vbtcfe 
(^IM imierta in ita t^lxcd coaccj^ta vould We to^ba alter^^ £oji 
tbc acHif laaguage# Ia its* currcat iefplicsesutatlooa^ QJfAUi uacs 
OBtty cfca corm^cttv^aar *' ' > \ 

1) bccauaa 

2) and ' * 

^) ao * ^ - 

4) Md 00 - 
.5) aad d^a 

Tha foroattlag for tsdxed coacc^ts ia ap^dfic tdtrlwai 
hi^urla£tcs is 4cacribi^ ac needed ia Chapter Five* . 
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V 

A aJ?cSl*^?4M^>!f^*®f ® Search arc .^bsHoc^. 

1 JSJ *^ vaitrecs give Jafea*^ sa^-.i cafcSTS^ 

la^donaljfey «ed specific* sa ElaBoEdtfca to stS^^. 
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COStEST SP£CmCAIIOS ' 



Sasettiiorc wilhio tlic ^aeation CTswdag eedeX euat hn 

Qi Jofea e?ply to taie? \ ». 

«J>t his advisom tot^ Ma fea aida't bav.c a 

Acs ^, his advisocs told-Waie dida'tj^wc a* 1^ H 

clsacce bo fes appUeS fco Haeva^ loatjcad* f 

Oao of tba -Kifo fcitat coercct aa^r^ to V qcaation say ' 
mty ia ia teRja of the aaotpt lafbrsatiea 

^ capahla o£ asTluatljag respc^oijoa to :^eld Vaeyias 
ss9aat6 of SnfoEsatlQa, - . • 



4,0 Xattfodectioa. - - 

* •* - • /"^ «■ . * , ^- ' . ^' 

If a QM-lsedcl "ajUays aaswera tfee 9^*auaafcloQ8 ia -psactly tte 
. sase my, .It liaa clearly faScd t& slaoXate the tmy people msmz 
qeeatlons. I^jccq arc tvd «ays la vhtch pjoplo ^TaJry tfaoic ^m^^ to 
qcast4oa3. .' Oa a lo^ level, gcseratlocal Bix^aisaiv csa prodoce 
amnmrs vhich are ccnccptoally cgalval^t, bet *Meh ^© mtied 
diffescatlyi " ' ''4 *_ , ' . . ^ ' 

ijl^j Vkf did Jofia otdei^ a faaaisiarger? - ' 

Ala • ISc vaitresa told Ma dlda't !is7« feofc dcgs, ** 

Alfa J Because fee wto told fay, ttsa vaiiresa that tbey i.v 

*" dldn'l.feeye dcgff, . - * ' -'^h 

•.Ales 2^cfi^ tfce viittcsa lafotccd hla tfasf tfaarc *r 

hot dc^. ' ^ * , . ' / ^ 

Ca* a hl%ts^ le/cl, ascvars 53 •niiatioaa vary ia t^tss*' of tfcolr '* 

- ©id 'Jolffi ^at a feat ds^t ^ * . * 

• A^fai Iby tho waitress told Jobs tfcey diSa''t "feavc asy 
. J. i»ofc doga. , * 
* . A2ci elis'wjitrcs^s.told Jolm Oao^ dlda't IsWe aay 
. ' ^ hot doge asd ^ Jofea «icdejr(J<3^-a. feasBsgrger.' 

pcb of these as ^?Etra e rsstiitites 4 tcasonafale resiwicse to • Qt»* yet 
tfcey *t^c» fa 'teraa /ssf ifaa assoss&t of iafotsatfaa tfccy ccavcy* 'la 
fact, ^^smtu asnyai^ not «aly to tejrs® of t&slr - reiativa cco'ent. 



✓ but isr reja^s^of tfec Jd?^ «£ coateat ..t1»y. ccsssusicatc* %t i^ts^l^*^ if 
Q2bsd bee» <mat^e3 'Tea,* la tife co^twcfc ^^t: a ^t»rv «^ere Je|a 
dlda't cat a I^Jt ,(jcg» tbaa tha cwOaat ot^^biaj^^oisis .v^al^ base to bo 
deficribai as disbpaest (if tbo%bc fcbc ^ajsseeW ,tecv ba£t<?r) *aod 
vtcagfOf «c tboBsbJ; «ft,3caew •better), t*- - \ - 

la thia chapter «e sAll-iook at k ecc^jt^ cvi&la tbe 
retrieval part of WKSK saiicb 4e ^eapoasiblfi fer^ jdretekaial??s bsm such, 
inforoatloa aad ^Hn^t toi oS infotsAtioa ^eij liiio ' aa 'aaf?^, 'Ibla 

• part of - QOAIK io 'cak<^' %^ ^Coatcat- Spe4^<*aUoa fait. ' Coateat 
Speclficatioa talwio intb aztfixs&t, jCao. coacep^^^jlcatcgory of cacb 
qoaatloo' aad factora . v^iicli defisrljjc tfaeT fatt4fceiis^^.^*aedc^f tfee . 
^tix^^^tZpL. ia or^cr ta j^eters^iac bow a qu^ti^a sbaoid be aasitercd, 

A em«» <if descElp^i^^ Ipstructioas at*/ prodoftad by tba Coateat 
^ec\fiU:at$oa tfelt £o laatrisct. aod guide aes^sar? rjat3Sicvaljir««caE%6 as 
tbey *1;>!^ f <Jc. aa i^isr«r, » :"- i 

.-^* . ' ^V. ^ ■ - ' ' 

• Pf^fW ,;«ball^e 'iovoivi^ria /Coateat ' Spsrclflcaaoff Is 

prcclecly bow lastrtaefel^aa to gcsoj^ retriavol are jfoasaliscd* 

It not cjRoj^h t^i say a ;slalikl% c^cre^^^ aosMer," or *bris^ 

ia cvoryfcktog y^fu caa fla^ that's relesvaatj^^ the ioatrtsstioas 
\ gcoftratcd by Coateat %)eci£icat4oa aust uix t^ tetcieval heariatlcs ' 
cxatftly bow ta*p,rodu^ araialaaliy correct asfii^r aed caactly «»iat aa» ^ 

• to be doac to cose ap^ vltb evc^ytfeiag that's *el'<waai. ' ' 

• "* "i* " j " « ' . " ' » \' 

. Oa& of ^hd latercatkng afpcctr*to%&bie Vc^i«a-dcrive« fE#s tbs 
fact that* itfitfaX ttmUts. Ucfst the ^Qtriesfa^ pro4eas«s caa affect how 
the. real of the search ehoiaS be cosdoct€^> Tk&t i&t the Coateas 
Spcci#tca\ioo t&lt ,ca8ao|. .give t^^iei$val{ he«aristlcs o^^t*p£ 
.iastc«:lioDS which wili vdrfe ia all casea*- regardls^^' :of .'ifetfc " 
aeso'iy ' "search fiado. Csatoot .Sp^cificatioa iastrectioaif' 
aaticl53t(^ ia a very gcjiaral «aat TdMH of. thlaga^.tha. ratSfisj^ 
henrtst^cs caa prbduce, foisuJato is^iitreatloss ah-icht «c eeaaiti^' 
, to diffcrcot rc uiev^ r&al'ts. For cati:;^^©, a Yerif fciJMoo ^sssdLoa ' 
vill rettalro ^iffcreit ipatroctions dj^eadidg sa whei&c or oot -t^ 
iiaittal Bcarcli ftads the qoestioa ceace^ sLesi^xj, M 'Afflcnativc 
f aaswor vill bo elabflrated differjeaay f r$i a ae^3tiTis-aa«nier..« • - 

Xhp gfaisrai .systcss of iastructiaB^jA^osscated by tbs Coa&^t 
SpccifltttSloo' 6iit "arc dciTcrlbcd la teres, of t«o l^jalc' E£ehsa%ssf • 
ElabVratton Optloas aad Categocy Trace Ijaittahfeioas. J^&t 600* aa a i 
question ^tao b'e^ fuily iaterprefctf'd, Iti? coeccpt^i cat^otieatioa aad 
qaeotloa coacopt are-passed to thS Cont^t Sgectficatioa IJoit*. Eerc 
tHe queSfcloo eay b«r tagj^cJ vith aa. ElaboraU<?a Optioa or Ot^rJ ^ 
tiscc tustractioa v^ich wi^ bo coasuit^ AAtcu retricvk^ . heMatics 
/arc:^ executed. If no aia;h speciaJL^ X^astrectloas 4r*v.fflttschs4\© th^ 
itxaHofi, t^tsisv^ bmsUtiF^^ dcscrl&M ia 

Chapter fiveK«:e oKcated, - ^ ^ ^ - ~^ ■ . 

, • : . ' . ' f > V ** 

lot h^Qsem cm hito^ci «tth a' dcscriptioaf ^ohsSor._^ 
. 'Optfoaa aad t^ti^oi^. ttsca Iastrtic44o!ja» we firft %«itlXy those 
factors ^^h are att^iely respoa^fbie for,^.«oaceptGaft? Sffe'cc^ 
/ajsawcrs. Ixx^/^JMii, the ^arlabl^ i^sicKfaffe^t* ehe:^t«st of aa 
aasver are describe^ ds Xafceatioojsiity facsois, 'V >^ v 
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m |«e leaat ^ ^^aeasSsssaz ^ tS^sS: lasH c£ ^^^^^^ 



etc* 



S^^^I^S ^A^^ pss^,^ t.^ laxe^ 

^.^1.^^^^^ ^^^^ ^^^^ 

. - —-■-■"125 ' . 



^sssSs 13^^ «ap3s St 



__j|r^S'S^^^^ ^tss?isaiss:*"s^^. sp?s^BK aae« ^i*?^ as: -assess? 



IS 2ESC& ass* i:d£za''ZlX- ii&sasjaa.^'^ !*sLic&ili2?' xtai 



?a -S&cs:®;-^ ZSiC^ Ms&:*sgi^ ^:^Ss^^^ ^ SsteS^SS^™ 



ste*a^ sss^s:*^ j^sasaa^ '^^i « ,js^,::£^ aasasr sgsats:! 



33&.,Sa&C t2 3SS^2.S3t* t!Se ^^sSas;;^ Jarfe^assfflar. 4Sa5Ert£tte 



^^.jrs^;:;:^^^ ^.Ssc3&|^:^3-5:^ ^ ^^^^ 



J&ixx ^f^strt » -IRj^e ?>.rk i^u^* 

^jS2S. * rt-.^jLi x:jc:k£fli r*^lir"s pti^iizex^ 
"2^^ Jbtit tis^ 1.1!^ 



ssstje .i^t^rras^xm tiiia^ l;h£ -^vtBBt^ :^BtJxI±x:^y ststs for^. T&ea the 

^13 J 



-us- 



isscst tiat ^ba but vhat fee ^te vell^ Ihis happeua 

tSie ^%52sSiti^3a ^:^^^;ic^t satclt^^ ^ eoucept In tfee 'stoty ^M^h 
l^SotefcStii^ ttsaja , th^ ^u^stdoa coacept contualnea* the 
i&tt^&is^ b^lstte does u^t r^s^iitdr^ ka exact isateti ^c^bsi^ the 
^fccs^^t ss^ ^ e^scepitialltatiorx Ixx the story reptesentatiop* 
<*r5^fcr -fet a t^fe:th to <s:cxit^ ^ concepttmlixatiofi ^ust have 
^f^aiytMas 121 tbe i^t^sti^a c«jac^t tiut. It c»a also Include Gore than 



Sal<e 5i Sic^«: Aasver C^I:;ioa 



> H: Hial^ally Sesponsi^^^e, Uncooperative^ or Rude 
^JCi terlflcatioa ' ^ 
A<k Initial aasver is Tea (or T^o) 
SIj iiaai ccuceptttal ansver is Yes (or Ko) 



liid Joha eat lasagM? 



Bid the Ajaitfress bring John a aenu? ^ 
3So. * 

Bid the hostess bring John a aenu? v 
Tes^ 

Bid Jotjijgo to New York? 
Yes* 



Ihe Initial Answer Criteria for this option is superfluous since it 
does not weed out any questions* This option and' the next one are 
perhaps better described as An^i-Elaboration_ Options since the answers 
they produce are minimal* The technical realization 'of Elaboration 
Cations is a contrSl structure for Retrieval heuristics. Thi,s control 
can result In a non-elaboration as well as an elaboration. 
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Btd.^ St * Single VhiA Optioh 



,0 



IT: Minlaally Responsive^ Uac6dperabive> or Rude' 
QC Concept Compi^gtion | • ' 

AC: initial -answer is found , | 
EI: final conceptual aiiswer Is mat concept nai 
^ component vfeicii matched the^^known component 
of the question ^loncept. 



Examples: ^ 

Who gave Johya a menu? 
The hostess* ' ^ 

What did John eatT 
Lasagna* 

Where did Johnogo? r 
New York. . 



'*Who . went<^ to ' Leo^e^ £i? 
John. * S 



The other way that a Concept Completion question can be answered is by 
^eneratipg' back the „ entire conceptualization (Where did John go? - 
John went^to New -York) . In the Implementat^ion^pf QUALM used f o? • SAM 
and 'PAMf^ the default Retrieval heuristics^ for Concept' Completion 
^ questions produce a Ipng answer and the Single Woi;d Option must be 
activated to produce a short answei^. It could have bean the, other'^way 
aroui^d just as easily. The Single Word Option is actually more of a 
suppression op^on than an ^ elaboration option in the sense of 
extending an answer.. < 

Rule 4: Correction/Explanation Option ^ . * v 



IT: Cooperative 5^ ;Talka£ive 

QC'i Verification " ^ ^ • 

AC: initial answer is So • ' 

EI: (1) tise the Focusr Heuristic 

to make a Concept Completion question 
. (2) Answer the Concepe Completion .question 
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**(3) If an ansuer is foundt appendHW^ cbnceptuai 
* answer to the answer Ko^ V ; ' ^ • ' 
(45;|| 4o answer Is foimd for the Concept Coopletioh 
quiB^tion,j«a1ce an Expectational question^, 
answer ft, and "append the conceptual tfnswer >^ 
to the answer Ko * ' ^ 



^Examples: 

\ <\ ^ ' ' J ^ ^ ^ ' 

DidXthe wai^ess give John armenu? 

No, Vhe hostess gave John a menpV 

(ansyefrs' the Concept Completion question: , 

* .Who gave John a metiu?) 

Xould JoluTi pay the check? * 7 ^ • * 

No, John /Had ho taongjy. • * » " , 

(answers the Expectational question: ' ' 

\ Why couldn' t John pay. the. check?) 

• . ' ' •* ^ ' . - , 

Did the waitress serve John/a b^ot dog? v / 

No A the vaitress^ gavW- John a hamburger.'' ^ 
(answers- the Concept- -Completion question; ^ . - ' 

What did 4:he waicress-give John?). : ' 

Did John eat theThambjiirger? ' 
No, .John was angry because the hamburger 

' was-burnt arid<.so he l^ef^. . * » 
(answers the* Expect.atlonal question: ,5 * • 

- ' Why didn't John eat the hamburger?) C « ^ 

The ;first part of the Correctioiv^p'lanation Jnatruction- attempts' *to 
correct the qiiestign concept., the question concept to'be verified 
is alrnost right except for one conceptual 'component (say the acto.r or 
the tense) , am appropriaj^e * elaboration will ma^e the necessary 
correction. . The second part o£ the Correction/Explanation Instruction 
is^ used when no correction' is possible. * In this^casie the concept in 
question could have happened but didn't. Th'e Correction/Explanation 
Option then endeavors ""to explain what' interfered or \;What was 
responsible for a different turn of events. ' 



The Focus Heuristic wiUl be described in 6.3. 

r 

3 / 

This means to enterJ memory retrieval with the question '^category 
Expectational instead of Verification. The question concept* does not n 
to be changed. 



Rule 5: Inquiry Explanation Option _ - ^ • 

JTr: Talkative or Cooperative \ * ' . . - 

QC: Verification with Mode (*NEG*) 

AC: InttjLai ;f n^wer is Yes' , ' ' ♦ ^ 

EI: find and explain apparent inconsistency * „ . , 

Examplec: * 

" ■ ' • - -V 

Wearen'^ you going. =to. California this week? ' 

Yes, bae my husband got sick so I'postponed it. k - . . 

Aren't you\a> member there?'. ■ j . " , ' ' ' ■ ^ ~ 

Yes,^ but"! doi;i"t h^ve my card with me« . . , , ^ 



Can't you 'drive to (Work? ; . 

.. Yes, but I'S rather not unless. I have .to. 



Tha questioner thinks- -that the non-negated concept in question is true 
(you were going to California, you are a member, you can drive to 
.work), but* fie finds it surprising or . indonsistent with other 
information. He is Ipoking for* some explaAatibn which wtir allow him 
to Integrate the question .concept ^bre satisfactorily. JCt is up ' to 
the person being addressed to supply the expianatory»informktioji *which 
is needed. There are some general • rules for finding" siich 
explanations^ I 

•i r ■questio'n concept desicribes an act, the explanation can be 

found by answering an Expectational question. / . • 

Aren't you going to New York? — ^> 

aren't you going to New York"^ 
c^' ^ (I* couldn't get my car started.) * 

Isn't -he taking the job? — ' ^ . ' \ 

Why isn't he taking the job? ^ * ' * ' 

f * (He decided to hunt around some more.) 

If t^e question concept describes a. state, the explanation is harder 
to find. If the question asks about arf enablement condition, it can . 
be answered by.answerjlng an Enablement question. Bu^ finding which 
Enablement question ^should be generated is more than a trivial 
manipulation, of t^he question concept. ' - 

Aren' t you a member here? — . ^ ' 
^ Can you get inhere? 
, » (1 don't ^have my card with lae.) " • 
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Area^'t Porsches terribly expensive? ^-~> ' ^' 

How can jpu affo^d'a Pdraclie^^ ^ % * 

^ (Ity jpfitrenta gave it to me#) ^ - 

The correct Interpretation of qu^sj^ions like these require? additional 
Inferences about the questioner's knowledge state, &llie£s/and 
expectations* * i • ^- 

Still other states lend themselves to elpborktion strategies >rtilch are 
mucla more donve>:satlonal: • v ' 



Isn't British Columbia b'eautiful? 

(Yes, and it'^s a gseat^place to c5tch salmonO :f 



.Rul^e 6: Request Explanation Option 



IT: * Talkative, Cpoperative, .or Minimally Hesppnsive 
QC: "Request ; 
AC: initial answer is No * * 
EI: majce^n ^Ekpecfcatlonal question and append 
' the answer to No ' " " * 



Examples: ' 

^ ttouid you pass the salt? 
No, I can't reach v it. 

Uan-we ^balance the checkbook Aqw? 
No, I have a headache • 

Are you going to walk the dog now? 
^ No 3, I have to make phone c^l first 4 



pVRien a request is denied i,.t is a * .andard civility to/ offer, an 
explanation for the denial, ' - % . 
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Jlttle 7t r^I^y Spccificatioli Ovtdca 



IX:. Talkfl^tive, Coof^ecattlvet hr }^nSrially;^ 
QC: Requesi; 

AC: answer ia Yes but^^drtir^cpectcji delay 
attd append this to Tes ^ 




Examples; „ « 

Would you pe#« f^hti salt? 

Yes, as soon as I put this <Jowtt* 

Wiil yo^ take me to a ball game? 
Yes^ maybe next, weelc, ^ 



AL*e-you^ gxring -to out th^ gar^^et 
Yes, in a miriut;g»^ * ' 



When someHe is willing t^' fulfill, a request, |>ut cannot^ do it 
Immediately, the person /making the request musU, tmderst^d that it 
will be tikeu care of eveni:ually» ' - . • . 



Rule 8: Condition Specification OptiSn - 

r 

' ■ • /■ / ' =^ 

IT: Talkative, Cooperative, or Minimally Responsive 
QC : Request - ' , 1* : ' ' ' 

AC: the ahbwer is yes if certain conditionals are met 
EI: specify the con^ifcion and append to- Yes 



Will you gv-: to the sjtore? 

Yes, if I can get the car started, 

. CaT\ we get a new*car? ' 
, Yes, ak soon as I get a raise* ^ ^' * 

' « 

Will you give me the furniture, the house, and the car? 

Yes, if you'll leave me alone* 



When someone agrees to a Request they are involving themselves in a 
social interaction which may bav^ jmany consequences. beyond -the simple 
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perfon^asce of th& act. If Joha ata^ss Hary. to ^»Me liiadrf lor Wa 
all the tlBft aod «acy agrees gratia, her iigrecseat ladleates a g^eat 
• f^oot their relatlooihip. Coadltloaal* arc often used on these 
higher levels of social iateractlon to dlarlfy i^ciatlonships nsd 
«dias. If r^tf agreca to tfo hfa Isuadty only if he saerles feeri aim 
«*se<i theiceqiQest as a vehicle for Mgher levda coo^stfeatlon. 

* * « 

little 9s Infercttce MtlcipatlOBuPptiott . ' t 

It: Talkative ^ ^ ^ ' 

AC: Answer Yes but with ^^sl^ing Inferences* 
XI: correct tatisleadlng lafercsj^ aft%r Te^t ^ ^ 

&caaplea: ' jt . ^ - _ 

Do you have a bicyclct ^ . • , ' 

Yea, but I ncvct^ tide It. ^ - ^ 

Area'^t those terrihly exp^^ive? 

Yes, ,but this one was giveS to ac« \ , 

Iff your brother applyiftg for a achtflarship? 

Yes, but he doesQ't have a chaoce. . , x 



Ihis Is a way tb prolong 6r contribute ' to coctveraa^lon. IJhen aa 
elaboration dMwrribes eoaethlog*; running counter to aoteal 
expect'atlons, ^{^'elaboration is pointing out scaelhlSig \iiii(pli la at 
least olnitnairy interesting and which nay- %e purst«d for further 
-.expll^actdn, ^* • ^ \ 

/* ~ - - " 

The ElabofatiotfOptiona described thus far have all used very 
simple tests for their Initial Answer Criteria. Ihese tests were all- 
in^pendent of the specific retrieval heuristics which - found the 
ifttatial answer. Another type of Elaborati^tit Option can be design^ 
tc rely on the specific retrieval heuristics which ar^ successful in 
finding an answer^* It is .difficult to give exaaplea of these now 



Before we can: formalize a notion qf 'alsleadirtg Infereoces' ve jaust 
first be able to aodel the Inferences vhich aoneoae faj liable to nake 
when they hear an answer to a question* This problem will be 
..discussed further In section 4.2^1* ^ ^ - 



before- tntH^gL hevxisttc* bave betst dUKsmged. Eat issxt 
ElaJjctttl^a Optica la aa ottesflft of « t^ttivtito^siealsd se^aaim iot 

coateat, ^clElcifciQiJ. ' . • *. 

• « 

Ihe B«lcid«a isvolve^ replectsa tSi laltisl SHi^dtei^ 
Mtth letriwal Crit«ic£a (EO) spcclftrtcg^ a parfctcular" -ceiri£?al 
ta?^i«Uc, If tids feeerlatic aascc^ X5t flMlag fia^wsc, fchso %be 
(^fefoa: is 'cxecttlcd- Ihs follosds^ sale ia - fa "atSaijift of m 
a^oratioa Q?tJoa vith Setrirsfat Criiesis. The jatrisyi^ secbaalssi 

* - , ^ • . * " *• . 



ITS T^kifeive. * . ' 

set la tcrf erccKje/Eigsoltttloa S^Kdfe 

• (HI lit t|ie tieatal state claaj^fe 
IK} isr tjis IJe^iutloa concept 



Ihis Slaboratloa Option te^pcoaiblc for^aa ansvsrr llX&i , » 

lihat hapfSiiacsd wi^sja tfes ^ter SatvM ,tte.basln;irscr? . 
As Jcto ii^aae aagty because the bMlmrgcr'vaa burnt 
^ axad ao be lef t» / * ^ • 

Wicreas tbe ^default , retrieval Jhctaclatica -foe aa 
iQtcrferejtce/Sasolution Sea?eh would hav« produced .tba.aeawexi 

A: Ihe bMbtaeser ^a burat aM sjc? Jbl^ lef t« 

4»2»1 :Preveatatlve lafercsce 'Steidatlem , . ^ 

Oftea tisc Aammr ^itarioa of 'aa El§bolratioa C^tioa cad'' ba 
aatiafied by a idi^li eicaaiaa^tt&a of tfea iaittal. ahavar* Zt be 
cxmugh to ^Inplr ace if tba initial, xaa^sae is Iba or ^» But^'gosa 
Aacvftr Criteria require additional ccsor^ proceaaia^* ?s>r axeapl^, 
tba A^fsvcr Criteria for:the lafercacc, Aatljcipatioa ll^tio'i? r^t^oiraa 
aoaa Very iavbl^red ^«csoiy proceaaea. ihe :fa5Qri(m^a A^ticipatioa 
Option ia reapoasibie" for daberatioaa like: - 



kit Yeir> hat Ifmst^csi feaa no go©J fcdlta restetirsifes* 

' • ' * * »■ ■ > " • > ^ 4 

^ after t|e. Initial xcspqjjjjc 'tea' ia givca, 2Sa ms rcsclSas feos tlse 
answer '^ca'.^ Ja this case ccata^Uts tl3« c^ept^allsatioa Mr "1* cttjt^ 
eating. ladijia food.' I&c ciaboratioa'apiioa ?AJcli is t^i/^eA ia Ihls 
altxiatioa Ibdk 8«let%lns liSsaa \ *-*4A 

. J? CD the IH0 describes aa aat with ' \SJ -* 

(2) aa csabUog cooaifcioa for*tb3fc^4«fc*ic»Qot safciseL^ 

WSB augscat fcbc ialtiad xcspoase vith a dcaocijfidLoa ' 

aia cecSSiWlsa ia rcj^poaaiiic foe catchaagca liMs 

Q2i Itoca Jofai aliop afe Bilooali^dale*^ ' ' 
• fai ?ca» hut ha caa'fc affosd it* ' ' " 



- i 



q^y Ho yott tis?^ly .drive to Irark? 

A3j Tea, but rJg&t asfw car Isn't rtipalag. 



6/ 



la order to aisuLate tba lafcresce pk^ccssea fetiich are escd 
apcakorV la dlalc®, taa amvecsatlonal ci^tcxt Is cx^ttical ili gtdrfis®. 
tfae Hou of lofcrcactt, 2iifcs3Z|l dliaeg is of ted lastruacBtai 
acfetcveseat of Qixasm or laiivldaai godls« * " 

* ' \ * " 

^ Q4f Co ypu ^nt to i^ay tJ^aais? 

A5t but I caa bortw otto* " * , f; 

* ^ * * 

.lo tMa cbaversatioe botJj4|factlclpaats s'imk a. ctssKfa goal? tfeey i^j^ 
to play a gjsie of ttspsis. Civca this goal crleatatioe* tbsre iA aa 
oferious r*«T«>oa bclst^d Q5. . Sic t»c«i5oa aafctsg QS Jiratata •to itaov)t?*2 
Qtatitta of the caaBHig cojsditidii of Mviag a fecka^i l&*ca tl» pta&osa 
of Q5 is eadceatood ia'ifeia «ay» it la easy to-eca fcawli sis^^^^io* 



aasvor ^ Q5 voold result ia a ^lalcsdldg lufereacc« el^orayusa.: 
ia AS addjtc^a l^solf to m goai laglicit la tib Iaa£, qsasstloB. • la 
tMa way a aislcadlBg IsjfWeeacfe (thai tisey caa't play lifecaaso /tSay 
ticcd a rsiiScct) la prc^eattfd by tha elaboration. S?it&oat iz^lcdga of 
tba comrcytta6lo-2l coatcset aad ixxeUtsmaUxf^ "aa ftlaboi^3^fel sight 
be confltrcctcd vtdch priwcats a totkUji' irr^ew'sat ijjfercisas'A .* 

QSi Bo "yoa vant to play fecsalsl * - 
A6j Sore. ' • ^ . ' , ^ 

Q7i 00 yoa.havc a cadcct^ , - ^ * 

A7s Ko, bat I -used to feaw-6de. - » " • . 



4 - : . ■ ' ^ 

Ihe IKU waa iatrodused ia Wctdtca 3*1.3.2 



sl^orattes jpt^c^te Stm iofcrris^ that the ccffpatt!cjsi otr^tetr 

r^at0 11 to U^je^rpoM of tha d|^o^» 'AppropriUiu eX^oMtisms 

soils. ^ Xafe^rcecc fitetiltttl|a tmt " be directed * bj^ t&i^tlyi^^ 
coorf en&tioQ " JLt t^^ds to b^ ^ prcblm closer to cca¥C3f»ittiem 
theory tiMtt^ ^o^tlon^fijisvsries 

.4»3 C«tesoty Trace lastruettPM * * 

Category 3racc Xajetn?^£o!Xfi are rtspaosibisi'^for |»rod(5«Jl25g* ^msivsiai 
i*lc^ reflect tfm icfc^rpre^vc prbce»isg ^ q?sgt«tioa mdergoc«# there 
are «af sft^tloasj4icre iipproprlaite aasveri to .qeestloss actMlly 
loiieate t&at ths* ii?5«tlod i»dewent «««:ceMtvfr i^ter^ttatt^^ ^yor 
exe»ple» io Cfe^^tf t I&rea t?e describe a i^equeticy, ^tzm^vion 
€oQ^r«lo^vltIda CoirteKt-Indcpeadesi loferoiti^a &$aly«£a/ 
trsajfCornatioa vae r^i^mrible for X€€os©tel^ i*cii Verif&atloo 
qtsMtloas aboetld ba tss^eretood to^bc Mkitsg boti oftea ^ ta%c* 

Ql: Bo eat toot vety offcesf * » * ; * . 

Ala: About tvico a ve4k» ^ 

< - 

q2i Iki you aee e«h otl^t? t 



* Q3t la tb^ ttscb raiu? 
A3at Oalylre Becmbet# 



?fece t!mM qucatiosa have be^ oltlr^atal; iaierpret^^ a£ ^eclticatioa 
q^^atloaii, tlas cesKfty search «to oaiy recogoiia^ tlss^ea ssidj asdT 
aagyor tbta by specifyles a frcqisfi&y* Jlas^ers*. to %ri£icattoa 
queatl^ i^ich l«va betaa reijaterpreiid aa Specl£lcattoa qoeWos* are 
different froa^aasi^rii to qiaestioiai irokh i^ro iaitlailj interpreted 
M Specificatloa qaestlosa. Ilecb ol- Ql-3.cfln i^e iesci^nsd with-aa 
itstitial tesponse of yea or. tscri * ^ . 

-Qlf jott eat o!it very oft^nt 
* ^Ib: Yee, about^t«tce a*vedc# 

QZt^po yoa e^i& C4^h ot^r? * ' , 

^ *■ Q35 tfeere ntch raia? 

A3bi l^t ooly^ia Ceccab^tr. . * . 

Eat vera ifep^aacd aa qtseatloe^ ^tch i^stsld be foitlally^ 

iat^tyfeet^ sa ^ee£ficatia?i qosstiona, tf^ee prefaces of s^ea a?sd 
vould be 05^,of places 

(IM B5t# ofieift do^ you eat^a?.? 
KQ>t feat aboiit tvice ^ \icsek» 



oaXy iff ieccsis** * - - 

ia-Sss T^js tJsat csal^e aoEware^, iHSr^asswred w£t&- 

?adergo. Since i»t re^& sise safes reiatansretatiott as ^1-3, 

^svers ^Mxih reflect reiatarfEettva ^rocesalns. luapsrcariatc for 

. pr^xessiog Is a Ustotf of tisat ijcestlda's cos^^t^-^aicsocisatiffns 
as- it -isasBes though lafereafeiai Wysis. A trsce of ^^xStt^s^ 
^tegorl^it^B^ iB ^sy to saJataia la srsS^Xe list* ¥e vill «i2 
tMs list^ Cat^ory Irsce* Each of ti4 ^«tloas qU3 la^e s 
Category Tracs - CVermcatlon, ^Hscificatli^5^^^ueacy». ^Jseatloffls 
<M55 liave a Msple CatJ^ory Trace - fSpcciHcaEioWciVc^wrscy)) . 

^ * S'^^fF SiistTOctioas ar# depeisieat^. tw^^^torst tl^a 

^teatioaality of tba systca fisi t& ISat^ory Ijface of tbs «uastitta, 
EacH Cat^ty Trace Instroctloa Tiats tii£«« jartas ' •» * - 

(1) loteatloTiialify aresbold (II) 

* ' . (2) Trace Crlt«rlott-CIC^ 

(3) lastRjclston Scecutlon. 

Ihc • Iat«atioa£lty TbzcBholi describes aaSer «lmt 2atcatioaality 
factora the Trace, lascmctloas vtll . appropriate. -The S^race 
Jritorloa specifics ^&at Mad of Category Trace a qtisatioa aaat 'bave 

.15.^ order to qaalify for. the Trace lastiructiocs, U dtfaSr tJsc 
lixtcotioasllty Ihrcaliolji or tha 5irac0 Critcrios spccificatloaa fail 4» 

- ^ ^^"^ Instroctioas vill oofc fee applied to tba omstiofl*, 

lastnictlon Eseoitioa describes the proceseas ^ch derive a 
^lotcl^^*^^"^^ ^ tiifi_ Gi?cot that tfca Trace lostrwsfcioas are 

t ' 

III Vcriffiag Rrcqtsoncy lastrticfeloas 

XXs Talkative, Cooperative, HialaaUy Sospoaslvc 

TCs Verificatioa/%>Bclficatioa (Frcqueacy) 

lEi yc0 or ro, foUovcsJ by freqocacy opccificatioci 



Life ^ 



^ 1^-:^ es^ 5sc3g&? 



0^ 



JtMf aScct ^e?f«rT jtcas JEsir* 



JcJss ^tusd ite^ £rr rsrrss 2:^:2^2 i& »^ir^ 
S5» «s ^tiSn^rt! isic^ 



rr^ri* :::ir ^ iijaMJEr 'rt Imm. hs^ zs: 




^ lis*' 



<'^2^y ?vfeea J, Sxss^e ito' csa^'t 5>e very often) ' " 
{"^vtis^erer I have tro' ^mzst he very .^Sten) 

i'-vfeKaerer I «:a"^ 'smst not be very often) " 

^Bi5 Tef> iut cniy lehea 1 Itave to* 
f^c22ly %fcen I liave to' mist be very often) 

ISJs So, i>ut -v^aaever X have, to» ^ 
I'^iK^esiever I liave -to' Is not very oft^n) 

^ choice of initial aasver here is dependent bn ^atever cut off 
pr^iat Is selected for 'very oftfen." A8e and A8h show how 'whenever I 
c£3 take eitier Initial, respoase, but there is something about 
an-swer ^jnicbiaakes it nore consistent with a Yes £han a Bo. So 
iShiE^t be t-oastructed wi^t^i the connective 'but' to signal a 
vlx?lation pf expectations. 

/ Bo you go to Bew York very ofjten? 
/ Ko, whenever I can^ 

sc:xifs very strange. While 

Do you go to Kew York very often?- 
Ko, but vjhenever I can. 

seems perfectly fine* Tbe same thing happens with A8f , A8i, A8g, anA 
A3j. ''Only when' answers are consistent with 'No' (A8f ) , and 
'vneaever' answers are consistent with 'Yes' (A8g) . If 'only when^ 
answers are combined with 'Yes,' or 'whenever' answers are combined 
with 'l?o,'' a but-construction is needed to counter the violated 
expectation* ^ ' 

4.4 Elaborating Elaboration Options 

It may seem odd that an entire chapter, on Content* Specification 
has been presented which seems to totally ignore the problem of 
knowledge »state assessment, 'xhat lis, the content of an answer should 
address gaps , in the questioner' sffeosfledge stkte. If the mechanisms 
which control memory retrieval are Vt motivatek by a model of what 
the questioner does and doesn't knbw, then whete will knowledge state 
assessment .fit in? « 

If we had a theory of knowledge state assessment, it would 
interface, with QUALM during Content Specification. Each Elaboration 
Option and Category Trace Instruction -would specify knowledge state 
assessment criteria (KSAC) which would apply tests at the time of 
memary retrieval to make sure the elaboration is not telling the 
•questioner something he already knows, 

140 ■ 



Knowledge state assessment will be discussed in Chapters Eight 
and Ten# It is, an area^which needs attenfion# A theory of knowledge 
state assessment would be a •significant contribution^ to ^wprk in 
question answering and theories of conversation. When such a theory 
is sufficiently developed, QUALM will be rearfy^^to* interface with 
knowledge state models' during -Infepential Analysis and' Cotitent 
Specification by refining the Conversion Rules and Elaboration Options 
proposed here* In the same way that Cor|tent Specification mechanisms 
arc sensitive to iutentionality^ factors without knowing what a theory 
of intentionality should look like, the interpretive mechansisms and. 
memory retrieval cQontrols proposed for QUAlil have been 'designed to 
^accommodate input from a knowledge »^ate model, even if we don't know 
exactly what that model will look lil^e. 



\ 



/-^ CHAPTER 5 

• " SEARCHING MEMORY 



Before infomation can, be extracted from memory^, it 
must be fqupjl. If memory organization and retrieval 
heuristics are designed wLth -care , searching processes 
should be able to zero in on the desired information 
without having to sift through everything, in :memory.. 
If a system is' trying to-answer the question: 

N . ^ * 

Q: Is New Haven .in Connecticut? 

It should not begin- by looking at: ^ 

:^ssie is .^-.collie, ^ ' ^ 

Vi burnt an English muffin tKis vmorning* 

Jack Benny is dead., * ' . . 

The integers :under addition form an ab^lian group. 

The time required for a search which examines^^ 
, irrelevant informat*ioh*without aAy sense of direction 

will grow linearly with the amount of information in 
memory. That ' is, the more you know, the longer it 
will take to remember something. This does not sound 
like a very promising theory of memory. The processes 
which search memory must knew where they're going 
before thay^ begin; it is not sufficient to flit 
around like a'blind^bat. ; ^ " • . 

'• = 7^ 

5.0 Introduction 

The memory search heuristics invoked for a question are 
determined by its conceptual Question category. Thete are three 
levels of story representation where answers to questions may be 
found".: 

«. ♦ 

(1) the causal chain representation 

(2) script structures 

(3) planning structures 

s 

£ach of these levels represents a different level of understanding and 
detail. Not all stories have representations on each level. SAM 
generates story representations which have a causal chain and script 
structure, while PAM generates story representations made up of a 
causal chain and plan-based structures. But iii a system which 
accesses both scripts and plans during its' understanding, story 
representations will entail all three descriptive Jnvels. The 
retrieval heuristics described here were designed with such a system 
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In^ mind . 




Once the Inferential Analysis has settled on a conceptual 
question, categoiry, and Content Specification has determined a search" 
Strategy, the memory search can begin to look for an answer. Since" 
each question category requires different processing by the memory 
search,, the description of retrieval heuristics will be 'organized 
according to conceptual question categories., But before we describe 
techniques specific to each conceptual quest-ion . category ^ we., must 
first mention- a -fundamental process- which is used for most of the 
categories: the matching search. 

Very ^of ten the first order of business" when searching, any l«vel 
of story representation^ is to find a conceptualization which matches 
the- question concept. Xhis process is called the matching afearch. 
Roughly speaking, the loatching search looks" for a conceptualization 
which has everything t^t thd question concept h6s, and which may 
contain additional' tM.ngs not found^n the question concept-. So i^f 
the question cQncept represents 'John took a bus-^' (as would be the 
/ case for the question 'Why did John take a bus?'), and'the script 
symmary for the bus trip represents 'Jolm went to New York by bus^' 
the matching search will accept this script summary as a match. ' The 
Conceptual Dependency representations for these two concepts- differ 
only in that 'John went to New York by bus,' specif i6s a destination 
for ^he PTMNS while 'John took a bus,' contains lio destination. The 
term answer key' is used to refer to that conceptualizatlpn fron the 
story representation which matches the question concept* when the 
matching, search is successful. 

The heuristics described here -do not represent ja con^pleW^ or 
definitive set of search, strategies. This- is more of a beginoing, 
representing those heuristics which have Taeen Implemented in a 
computer "program and which appear to be adequate for large clafises of 
questions In the context of story understanding.* Unless- there is an 
Indication to the contrary, all retrieval heuristics described In this 
chapter have been Implemeuted in the versions of QUAUi which are used 
by SAM and 'PAM. • , • 

5.1 Causal Antecedeat - r ^ 

A causal antecedent question laay find its answer In eltner the, 
causal chain representation, script structures, or-pJaaning 
structures. In each case, the first step Is to find an answer key.' 

5.1.1 Script Structure Retrieval Heuristics , 

The matching search for Causal Antecedent questions begins vlth a 
search of script structures, .lEach script instantiation which Is 
referenced by the script structure representution .has a pointer to a 
slngl6 conceptuollzatlon which ^ Is • exiled the Iscrlpt Bmmavy, For 
ex^plc, in the Leone's story, the octipt Instohtlatloa of the bus 
ride to New York has a script suaoacy which reprencnta John having 
gone to Hew York by bus. The script Ihstaatiatlon of his restaurant 
episode has a script siaanary representing John havlisg oaten lasagaa at 



Leone s. For a more detafled discission of script summaries,' what 
they _ are and how they ^re crealted for a story representation, see 
[Culllngford 1976i 1977^. .Searches of the script strucCure for Causal- 
antecedent questions access only these script summaries when iodklne 
for an answer key-. r v * - , ° 

If the matching search succeeds at the script atructure 
the question is ^nswered according to script-specific retrieval 
heuristics. -That is, eac|» script' specifies a set of- retrieval 
heuristics which are organized accordihg - to conceptual " question 
categories. These heuristics apply only to questions which locate an 
answer key in the script strticture -search. It is probably more 
illuminating to discusa how a few apeclfic questions are handled by 
script-aperlfic heuristics,^ rather '.'Chan descrlbe"all the heuristics of 
all currently itojplemented ;^crlpts. / 

- ■" ' .-^ . • ' . 

Suppose we asked 'Why did John go td New York?-' in the context of 
the Leone's story.. This _is a Causal Antecedent question with a 
• (Ration concept representing 'John went to*.jSew York.' -The matching 
search accesses ±!ie .script structure of the story representation and 
determines that thfe to^ level script under which the entire stosy is 
embedded is the nrip'^cript. -It theri examines /the script summVies 
from the trip script Instantiation and all script instantiatidha 
embedded idthln the t. tp script. Hhien 4.t checks the script .s'ummaryv 
for the bus script instantiation (Mf we^ttto «etf York 'bT'-bus) it 
finds the answer key,- *'r« . ' ■ 

Since the -oatchlng search succeeded while examining a trip script, 
instantiatloji, a. special' heurlatic specific to that script is now 
Invoked. The heuristic first determines whether the answer key was a 
stimmary^f,a aci;lpf Instantiatlbn which w^s part of the (1) goihft^fay 
^estinrftton, or (3) returit^^g 1^ of the trip script. . An ansi^r is 
then produced wMch Is -.^pendent on la which leg of the trip- script 
the matched script summary w^a founcK, " . » . 

If the answer key was £omd 'in tUe 'going' leg of the script, as 
vas the- case 'iAx&n- vq i&skel^^^itS^jjh John go to Now^ork?' then the 
answer Is produced' by concatenating the script sunaaries of -all 
scripts Instantiated in the destination leg of the ttip. In the 
Uone e story there is only one script instantiated' in thfr destination 
leg of the trip ' script, the restaurant script. So tlm conceptual 
answer to Why did John go to Leone's?' involves the 'script suamary'of . 
th| rfestauront .script instantiation: .'John wjnt to Leone's.' But 
before the finall^oBceEffcual sRSHer can be sent to the generator, a 
snail tsMlpulation Bust be pc^oroed on the script suEamary so that its 
stateaeAt relates' Ifack to ttei .question. la this case eoac indication 
Of an fabling relationship, is appropriate. This can be achieved by 
gencrati% a sentence of the foms .'Because X wanted to Y,' vhere X 
is the actor of the answer key aM Y Is the conceptual actloa of the 
script au=it5ary (xir suasarios) in ^c destination . leg of the trip 
script. To aghlevc this, J^hag^arator is given a alxed conceptual 
structure of the foras 
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'Because' . Ill r* 4^ IS MLOC ('*x*) 

' I JOY <-J I 



where *X* is the ^ctor of the answer key and *Y* is the sciipt sumiaaty 
•(or summaries) from thg. destination le^ of the trip script. ThJLs 
general aiflswer format is applied to "the script instantiations in the. 
destination leg of the script to produce a conceptual answer for the 
generator. Thus the answer 'Because^ JShfi wanted to go. to- Leone's/ Is 
•prdduced^in response to 'Why- did John go to New York?' ' 

,If the question concept is matclitd in the destination leg of the 
script, the answer Is produced J)y finding the MarinCon. of the script 
instantiation whose summary matched the question concept. The MainCon 
of a script instantiation is the conceptualization corresponding to 
the main act of that script. See Cullingford for a descriptios -of 
MainCons in scripts [Cullingford 1976, 1977] . When thfi^fiainCon is 
found, the conceptual answer is produced by generating: C 

r~*Y* 1 
I <!]* result j 

'Because' |j| p> <N , is MLOC 

JOY (*X*) <rA . I ^ 



X L- ^ Ji 

where *Y* is the MainCon, and *X.* Is the actor of the MainCon. In the 
case of the restaurant script, the MainCon is the patron eating his 
. meal. So if we were to ask 'Why did John go to Leone's?' the question 

cdnccpt (John went to Leone's) would match the script summary foc'the ^ij: 
instantiation of the restaurant script (John .went tp Leone's). Since 
this/oa^tch Is made In the dogtlnatioa leg of the trip script, the 
^- question Is answered by manipulating the Miiin'Son of the res»:aurant 
•script to. get 'Because Johii wanted to eat some lasagna.' 

If the matching search succeeds In the returning leg of the trip 
script, a canned answer is returned by" generating a conceptualization 
which ia translated! 'Because ACXOR(SS) wanted to home/ where 
ACXOR(SS) ^ la the actor fkrba the matched script- summary. : So if the. 
Leone's story described John leaving Leone's td take a suoway and then 
a bus froffl New York,^thc questions 'Why did John leave Leone's?' and 
Why did John leavTWew York?' would both he answered 'Because John 
wanted to go home.' — ^ 

5,1.2 Planning Structure Retrieval Heurlatico 

If no eatcli jia found for the question concept ^on the level of 
script structures, planning stuctures arc trlediiext. The matching 
search exiraineo the causal chain reprcscrtttatibn and plan-rclateii 
inferences (if fehere arc any) looking for an answer* key. If the 
quio^tlon concept ie matched, plan-based retrieval heuristics arc 
invoked In an effort to produce an answcc, ihose heuristics are 
designed %q produce a goal-oriented answer ^tofacnevcc possible (see 
section 2.2), 
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' tkfc^^^Uie ^n^s^^ representation, its ' 

immediate causaXara^nt^peaen^^ are^eJfrt'i^^ed from the causal chain of . ' 

events/ If there are ho *limfediate causal antecedents, then the memo iry 
search ot\^ the level of planning structures has failed.. Otherwise 'each ""^^ 
of these MLtecedents is checked 'to see if it is tagged a? an act which 
instantiate some plan. Any act which is^tagged *as being part of .a. 
plan instantiation^ will have a pointer to the immediate goal 
motivating that- plan. If a plan instantiation is found,' its -immediate 
goal forms the basis of the conceptual answer* In the dragon story 
where John rescues Mary from a dragon the Causal Antecedent questions, 
'^'Why did John kill the dragon?' and 'Why did John get on'' his horSe?' T. * 
are b|)th answere(f\in terms of plan instantiated goals: . * • 

Q: Jtfliy diX^^John kill the dragon? . • 

A: BecauseXhe wanted Mary to not die.' *\ 

. Q: Why did John get on his horse? 

A: Because he Van ted to be, near Mary* ^ 0 * «\ 

\ \ ^ • 

it none of the direct \antecedeuts yields a \ goal via plan , '-^ 
instantiation, then no gOal-oriented answer can be found. In this 
case, the same list of antecedents is searched for a concept which was, 
motivated by a state. When one is found, its causal motivation is 
used to form the conceptual anL?er, This is how the question about 
Mary marrying John (in the dr^gdn stpry) is answered: 

Q: Why did Mary agree^ to marry John? | 
A: Because she was indebted to him. 

The manipulation of conceptualizations to form a final ^conceptual 
answer is similar to those described previously for script structure 
retrieval heuristics. These plau-based retrieval heuristics 'w^ll be • • 
discussed fu'^ther in the section on retrieval heuristics in PAM 
(section 8.3.2). 

5.1.3 Causal Chain Retrieval HeuristicR • 

These heuristics are employed if the question, c-.opcept has been 
found in the causal chain fepresentatlon but no answer could be found 
using plan-based retrieval heuristics. In, this casq we expect an 
answer to be found on the basis ^of (I) inferences made by the script 
applier at the time of understanding, or (2) script-al world knowledge. 

5cl«3.1 Non-Standard Inference Search 

When the script applier generates a causal chain representation, 
it tags scar^ conceptualizations as being Inferences. This tag is used ^ 
to indicr*;e a lesser degree of certainty about . these 
Conceptualizations. There is another tag for conceptualizations which 
were found in the main path of a script. For example,^ looking at a 
menu Is In the main path of the restaurant script but leaving because 
you have tc wait for a table is n ot. F or a deacriptioh of different ^ 
inference paths in scripts see^ulling^rd 1977.K If the answer atey 
hps a causal antecedent whichJ.s tagged askan inference and is not 
tagged as a main path cc^ceptualizatl^jk, then this non-standard 
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inference is \xsea to generate a conceptual answer. For ocasaple, in 
tie Leone's story, if w,e ask 'Why couldn't John the check?' the 
question concept (John co'uldn' t pay the check) is -matched against jbh^ 
conceptualization in the causal chain representing ' Joha discovered he 
couldn't pay the check. ' ^ThtS" anfewer key has an inference as a causal 
antecedent, 'John had no money/ ^hich is used^ to form a conceptual 
answer. The final. answer is 'Becatlsie^ jjohrt had \ no money'. A. mixed' 
concept of the 'form 'BdC^use pA' ^(vhere CA' is^ the selected causal 
Antecedent) is used to construct the final conceptual answer. 

5.1.3.2 Interference Search ' V 

If no inference- tagged causal antecedent is found, we then check 
to see if the answer key' is itself tagged as a script resolutJ.oa 
[Lehnert 1977, Cullingford ^1977]. If so, its corresponding ^ 
interference concept , is picked up to form an, answer. 'Why did John * 
have to wash dishe's at Leone's?' is a nue»,stfbn answered ,in this 
manner. ^ John washing dishes is a script . resolution for the 
interference of n6t being able to pay the check. So the question, is 
answered 'Because John discovered he ^couldn' t pay the ''check.' 

5. U3. 3 Script-Interjaal Goal Structures 

If all these other heuristics fail, we then resort to answering 
the question on the basis of scripbal /world knowledge alone. ^This is 
done by analyzing^ ^he Vnswer key. in terms ^ of -its place' within a 
specific script.' All scripts contain a goal/subgoal structure which 
is strongly correl^kted with hierarchies of scenes !withtn a script and' 
sub-i^cript malnco^s of each scene. For example, 'Why did John order 
lasagl5^?^sks about the maincon of the ordering acene in ' the 
restaurant^ script.. The script-based answer 'Because he wanted to eat 
lasagna, references the maincon of the , eating scene. Of course a 
scripk-based answer of this sort is acceptable only when there is no 
other /information around." Had* the story mentioned that John' always 
ate ^^sagna at Italian restaurants, this information would provide a 
^better^nswer than the obvious connection of wanting to eat what you 
orde;:. * I 

While some retrieval heuristics on the level o^ script structures 
are very script-specific, the heuristics which look for goals are 
generalizable across scripts. While each script has a different goal 
structure, ' there are some structural fjeatures, like scenes ^nd 
malncons, which are universal to all scripts. The rules w^lch • • 
manipulate these structural features are very general. For exampJfe,. 
if scene N does not come after ^the main act of the script, then^ ifee'^^.^ 
goal behind' the maincon of sqene N is the maincon of scene N+i. 
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script^ coMtaats /scene caidbons *ncxipt XaicOcTa 

, ^ go to restaiir^^" * 

look for table ^---^ ' ' * 

go to table ^^—^ ^he seated 

^Blt for Genu , — f \ ^ ^ 

get Tacnu' ; - ■^■ ' ■ v order 

be served / . .. -t — ^ .^eat 

asfc^for check -H^ ^ ' 
get 'check » * - — \. ■ * > p^y , . ^ 
leave table >.Ieave 

/ * . ' * KlRure 5 

' Restaurant Script Goal^ glerarchy 

If iho question concept darmot be matched iigainst any of -tha 
concep^tualizatlons in the script structuress plan-- related inferencc&y 
' or causal chain, then no conceptual answer can be produced and ' the 
^emory search sreturpa a conceptualization to, the generator ^ich 
tsfanslates Into 'I doa't know*' The seme answer £5 returned if the 
question ^ concept is matched but all of the above heurlptlcs fall to 
produce an answer « 

5,2 Gt>al Orientation • • 

The set of retrieval heuristics for Coal Orientation questions 
overlaps with those . heuristics for Causal Antecedent questions to a 
large extent- Ttjis is quite reasonable since a Goal Ori&ntatlcn 
question -is a particular type of Causal Mtecaient question* This 
being, the case, it is easiest^" to describe retrieval for Goal 
Orientation questions in terms of hov% it differs fr*ja Causal 
Antecedent retrieval* ' 

Like Causal Antecedent -questions. Goal Orientation questions can 
f^nd answers, in either the causal chain representation^ planning 
structures, djc script strjactures. As before^ the first step Is. to 
ba,tch the question concept against a conceptualize ulon in the story 
repr esenta tioa* 

5.2.1 Scrdpt Structure Retrieval Heui^stlcs* 

The matching* search begins with ^script structures and uses the 
same script-specific heuristics that Causal Antecedent questions m id 
for script structures. Thus far, all o^ the scripft-specific 
heuristics which have been developed for Causal Antecedent questions 
return answers which identify a goal orientation* As long as this 
continues to be the case, retrieval for Causal Antecedent and Goal 
Orientation questions will be identical on tlie level of script 
structures. 
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If tbfi eatcliJag search faOig- at tJ^ seidlps atrtesttste IcvdL, 
bearlaticB applic^X« ^1) plafeiag itrccteares are lavofec^, tiserc 
•f., is a slight d<^M«ttsrQ £c<?a Use pl^i^xeiafccd eeuiws?. pg^esecs tsscd* 

io»r Caifcffii fiitcccdeoS; qcssfcloaa. jOoce ea ^asvas Stay i» flsss^Jsla tfea 
jtory «pr<«icat^tWoA,,itsf lisajdlau.cassa aat<a^ «se ^tittct«4 
iroa causal chdin o£ dv«at«. I£ tiH»re*«*4 so ia:^«te ckihh, 
r /iat«ced«3itjs» timr " tlje tuaoify j«ytrch ^sb" tl» Iwcl of . pl^ales 
W^structttrea has Sailed,, Othcs^fp of. tfeesa aateceJcata i« closed 
to -tee 1£ It la tagged es «o get t*feli IcsfcanOatas glaa. , Assy 

act vhiih Is tagged as t»elos payt of a^'plaa* ifistaotlatiotJ JiU Uave a 
polntot to tbc i&:^diato goal sotivatiag 'that plaa/^' If « pisa 
Inataatlatlon is fowtd, its issa:diate goal fotsa tht. stia of tbo 
conceptual aasvsr. A eanlpsaattOB of tfco iascaiaCe^oil idcatical to 
tljoso used in Catlsal Aottfccdeat qecBtlotus bececca CM ^jai coaceptcal 
ansvor vhlch is passed to ^ gcagratot* la thiavs^m cm aaewrt 

For vliafc pucpo'aa did Jobs kai;,tfee dragcat X 
A: So J&sry.wotdd cot dl6, * ^ 



« 



Qj For wimfc ptarpose did Jelm^get on his borisa? 
>A! So .be could ^ ccar l&ry»* ' 

' in tbo c<mtext of tJbe dragoa vStory: ^ 
• ^ - ' ■ 

Joha loved l^ry but sbc didn't waa^ to aar^ bla»K 
Oac .day, a * dtagoa stole Ikty f rca t!m C4|atli9. * 
Joha. got ott top.of.hiB hore^ and SdH^E^- tt» 
dragon. - Kary " agrct^ to star^ Ma; ifcay Hvcd 
happily «vet after* 

✓ . - • 

If no plija instantiation wao found for a fcaw^al Mt6c«dcct 
eearcb wa? executed *^lcli loote4 fox a ssoti^aU^g atat 
Orleatatloa qaoatioca tbla search ia sot cosductca, ' 
Oricnutlon qtaistioBa aek aboa|; tlic goal or oltisate ia«-««*«««**^^y 
' behind an action* tlay caaaofc ' be • aastwarcd ia tsctls of 1 eetlv^tlait 
, atatee. It la reasooAble to anevsrjiE 

Q! Khy did Kary^igreo to narry Joha? 
>: As Because uha -taa indebted t© hia. 

Bill It is'tjot appropriate to aaavsr: 

For i^hat purpose di4. Hary agree to imtx? isfm^ 
; A: Baesuso aha vao indebted to hla. 

- * 

So if no <>1^ Iflotaatlatlon la foiajd, no fsartKor hciscistica are 
invoked, au* the catching eearcb for a Coal Orientatlofs m&mx tsa* 
failed on tfte planning stra-itar*? Irvel. . 1/— ^ 
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!isur^Ci£.3 used £or Ciiii:»#l AatKcd^t ^?«MittioR^^- Beit^^ "8;^;^ 
oriojtcd, &^^tUp GO s«it&» tboi^ iic«c&sa «e occct^iCd &r Coal^ 

For v5ai pirpooo did Jofea orf« a sfett&ia^ee?" , 
'As 5ccaii^ i^ti^s said tfeo? Is4d Isofe dc^gt* 

Bttfc tfco.ccript-Inicirnal goal '«tCBCt«j^» do pro^idfe goai oMcafecd 
aiusvQto* So tbo go^ ©tracttixfo of ^4 c«4pt ie to mmat C^sjgtl 



Qi roc ^t im^fo did Jofea ordi^ & fc^fesar^trl > 
At So Im> could «at e basboargorA » * "^ "^^ » 

If clUsot CO «a6^r key io foisidt or if sXl of tl^ ^o^ro be^isflcs 
tail to Clsd ast ££i^Ct 4 ca&^OFti,^iU^tiO^ I9 givca to tl>o ^et^^^^r 
'r«^rc55ciatliss 'I dcm*t Ic^o^** , ^ ' * . " ^ 

* * ^ *^ * * 

3*3 Eaableost . \ > » \. 

qi(SC$tioa9« M stic&^ tbeir procotdiiis is 4!^:3iidr to tS&^ lor 
Aatecedo^^t qtsodtlood* tos^ts to £^1»£^\ qts^dtlc^ be^^o^i:^ is 
eitbas f^iftpt strt^tt2r<i3^ pi^ttsdsg ftrt^ttsr^i. or 

€baio level*' Uxo tyttcMog a^ieh oss^siims tfca^ osttro* ntQtf 
ttptt^nwiifovtr at X^ol to flsd aa ^^»«??sr iefey^ * ^ ^ 

5» 3* I Script Stufifcero Eotrlw^ E^ytSatiir« 

^ch script bip ^pcxific catry cc^Br^^'^^ich s^t 6e.mii«tt">d, 
bcfon a default Mth ^ .ipt cactccitloa c^,j^:^hlovtd* Sfcr €ae»^^' 
tfeo estty ces^itioda £©r tM rcats^sl^t ^irip^'Jgr^ tJtet tfeo ^troa ba 
feus!sryNi5jr that fee l^vo aos^ ::os^y* It 4a |!oWb}D& to'otmito 4!^ 
sftrij^t ^Itbo^t t&oM atataa boljig eat|af£^» feta if a script la 
CBtorM ^Lvn m ujatry cwditioa violb??Jtos^ t^ acript «p^liar 
«^Ui:ipatca £$acific\dlf£tcialtlaa ndtMa'^^ript ifelcii ara cot part 
oi tt^ default jp^th Kript iaataatlatjLos* ifor.C35l5:pla, Usa fceofta'a 
gtiory^ Jofe> g©^ l^to IdCono^'a i4tk>i^i mf sjof^gr* Ifeo lisfarcs^a a^'i^t 
Jotea &5t fe^lj^ s£5^y hAa bc^ icaarated ba£o«t J^fei cafej^a ieoaa^a* 
So >fc«^ tho acrfpt appUar boaxa tbat Jolm caa^t pay tba cfeecS^ it feaa, 
at^Ucipaud tMe particular latisrfarcs^^a ^ ia re^y to Usk li^p* 
a?s^walcti3 ti«5 of t^csta %Ath tfea catry cc^jtii^^ violatioa* - for a 
Gore fcctrplata dc^riptlon of ahla pro^eaa can fCuilfcafotd 

^ If t^ atory bsrf tsado eo aefitiop of a5f difficgtlty vJt^ t^ 
c^^exk, thQ e^ript applicr iwould fcava.fcad to cjto ^ Safar<^ta a^o^t an 
altematis*© chtry cosiitiou %*slch ^OiJld ^^cc^aat Cor iofca beSjBg ^la to 
pay tte cteck* fa tMa caae,. it isoyXd ebcck t?^ crt^lbiliiy aaaig^^. 
to tfe^ iiafarcssc ti^^t io^^^ haa so z^^^ detan^lsa tfeat^fc^ra la £«a 
mcerudnty Ah^^t it, a^ e^ludc tbat J^fei c^^t >54¥a Ibad a^a sS-sey 



bo ^Ii23.toat0d Ccoa the story repirciumUUou* 

* ' 
Itt occ voroiott of tbc Scene's story we aeo toJ4 that Jofea took a 
btift back' to Havoa aftei? ^ac^g dieboo at Uenc's. Tfc tMs emst 
tfao Ittfereacc about Jdha. baviog any soaey bao bcca^^^i^staatiauid 
by tba fact that Jolm coulda't pay ih« check at l^oa^i'ao Bat t&o 
dcilault entty cooditlea for the bus scifipt Is havlcg e&ux Rojsey, So 
t^icn the hm, script Is «ctlvat«d, tbsi sccipt appUos satlclpatoa eoso 
difficulty afacc tfee ocrlpt'o entry ccoditlon la aot satisfied. Tot 
'John took a bus to Kow Haven/ vitbout any .further scntion o£ the bus 
trip creates, a default path Instantiation 'of tfea bus ccript, the 
acflpt appller auot s;ncfeow. recencUro thia wLtb tfea fact ti^t the 
entry coi^diUon for tba£.(Cctipt lysas yioIated> It first checl» the 
crcdibilii'y assigned to the coaccp|;ealisafcion rcptesontlDg Jola ba^^lxtg. 
no Bonay. Sut this concept io^s^'i^gcd with a credibility valua of 
aboolote certainty. So^J^Csm'-t delotc* this concept froo the story 
rcpr^!W!otatioa^_,,Jj>-tt^n^lo9^ to see if tlicro aro any altomativa 
entry ccmditlSna vhich .can replace the condition of having aoaoy* 
«ben it looks fo^,«a &lteV^ativo entry. condition it iisfdo h tosolution 
for tie apparent intoaoiotoncys in order to <»cccnte a default path 
through tl& bus ociript , one could have a buc ticket instead of atoney. 
The script appllet' than concludes that this alternative entry 
condition oust have been satisfied, and incorpor&tca this inference in 
tite afeory representation with less than absolute certainty* ^ 

yhcn the catching search la conducted for an ^blcsent qcastion 
on th«? level of script structureos thxi <ii^atioa cooc^t in checked 
against script sinsarics of al^l instmitiatod scripts in the story 
rcpccficntationo an mamt key .ia found in one of the script 

jsuss^ica, the entry coaditicas for the script aro cafaaiwcd. If . an 
altematlver entry condition Is found, and the credibility valtws 
aasignta to it U less than absoltsfee cortalaty, the final conceptual 
answsr is produced by scaeratlcg /Probably EC/ wfecre EC is tfcs entry 
condition coaceptualiaatlon. Ibis is how the question ebout the 
return bos ride is aasiiarcd in the l.eoae*B story? , 

Hou vsio Joha able to take the bus tv He« Havojl 
At Probably Joha had a ticket. 

5.3.2 Plaanisig Structure Botrioval Beuristics 

. Iho plan applicr dccesposes goal oriented behavior ia'to plaa 
taatantiatlons for goals and si&goala, ibis orgaaisaUon all©^ «ks to 
detemino vhco an action has bc«a car?if?d out ia order to further a 
specific plan. If the Batching search caa locate tlws ansmt key in 
ti» story roprcseatatloa, it clicks to sec If the conceptualisation 
jsatched has a SCBCOAL link pointing to a auboi^inate goal «tose 
ach|/^csttat contributes to or furthers? tfe4s oatiafacUoa of ttm sasmt 
1^ Z<ml, Zf 8t^b a pointer exists, an aaewer is generated by 
cosaafeaatlag ef^al cccccptualiaations together. if only- opm 
subgoal exists/ ^<ffcs answer refers to the single euigeal. V-nn 
hcinriatic ^uld bo used to anayers 
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gs^aerstsd &7 serial sisl ifess 

til a sj^isss^ «!ia^.i£ss icJSJitos: s^scgxi^ ^ ^t ^^^^ r,.^ 



5*4 CtSiiS^ Cstz::^^^^:^. 

A 0tri^ etr^t^^ ^^^^ it 
tt^ mxlL^z i^3.t«'^ia^si^, t^i-? ^.t^.r< lur.^ r^:^ fcj^r ^.-e it 



.J^^. ^^^^^ ^ '^^^^ qu^^^ £:asc^t, ^ ,gaew^r to a 

5^ 5ffc£t tsEjjj^sHfS ^s&ex ^pim tos^t l5ie 
^ Z^iz^ jr .Tf^ I*i*3ir'^'^ 



Z:^^s3£imxsxz tz^ actuellf ci^&tisr^ 'roich sey^ 'tell me 

3:^0::: ^^^s^t^:::^ ^ijsOL Si£55«to^ «£t ^px^ *ie time C5>iitcli} took 

T.js:;:;£^" Xif :«3$ct«? ^la:^ jDjEssrt asiarifsrs !S;5i:^jE5g i^fclcb .S^rrfbe-- the mast 
;.:st3K'a^^::^ t;t::jx^ ^t^israi^. ^ retrlersi heti^istlcs must 

i3zt3:!::5SS3« :£i:sag r^l^^^ir^ Sxtei^Et yal^aes labea BearcMug for 

Z^^^ St.rL;pt ^txcticr^e J*£:sl*^;£l Serri-^s^tlcs 

m.;:;;.^::^^ S^j^Ss^sj structures, trving to find 

ta^-^ 3339^ ^ fx. jtSie jJcsil^ !etoffi£rles,^f tiase scripts ^Ich were 
;js:x^:^^:z^:j$Z:^ ^^t^ 2:^eBe::t^tl^^s^ If t&e iquestion concept 

^a^^-in^ies ^ axcrf^ i^snmagries, s^e caestli7ii is asking about a 

riL^:^^:? r-i^ 5:^:3£^ z^eSscraas^ ^ce^Jtsble answers can describe 
-m^^ssx:^ t;xc^t Tll^r;^: ^irj5§:isre t2ie coarse of the referenced 

ti^^ir^ :;:££:t:;SSL^^ ''S&et gi^ssaesS ^fee^'joisa took tfe subway?' is 

mxa. ^miv^^^^ . ^ej^ti^s cc^e^ aiJfea took the subway) 

:ss^j^;.iam ^zz.pt ^mw^ ti:.r ^ lesS^-wEj tri? <Jolia went to Kew York 
riy %.i^!?mj ^ i$ e^ki:^^ for ey^ts which occurred anytime 

- ^ ^ ti»s^::rt £^4£3:t Ssisr^i's: 



^fs: a2:i^ier jk^t Is ^ a&^rri^t s^nuary, the m^ory search first 
^wcs :5 tjae ^uc^^^^sj^-diag script iastantiation contained any 

^:xx ^^ij t^^vs^^a^ ^ ^ird ey^ts by the script applier. A 
^ «?Xi:^t::2aIi;^tio3 t61ch the script applier cannot 
^ ^ripts^ and %mich itself triggers 

a ^rri.??: s^-i^t ti& -x:^!^ cr i::iEp7rs^iate in the context of those 
^1,-1 ertiye. See {Cuiiingford 1977] for a 

^.i:^r^:^-:.c^ if ^w^lrd ^^ertis -iritMa the nontext of a script* In the 
^"^'^ ^^r?, ^jizi being yl^-^dketed is recogui^^d as a weird event 
^ ^ ^^£552: ^ J-i t±is s-iS^way script instantiation. If a weird 
.^3^ t:^ e^^t^ It 1^ fl.-keiJ as the concep^l answer to the 

'T^-i^^. Tii.« Is uvv tag Cs.--^£ai Ckmsequent question about t^e subway 

^Tzj^^ i:^p^ed John took the 

JL1 k -zud vi^jcM Sr^hr/B pocket. 

S^^^^^.l ::^rerf^eiic^fEfe:^CrI:s.tlC'a Search 

'St ^ir^ «fV€s:t 1^ fs-ir^ within the^ipt in question, the memory 
jseauT^ct liij^ 2^fce^^ if ^-fthln^^Uly interesting occurred during 

^*^#.^Ti5-, It tr.l^ by cfeecking for interference/resolution 
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pairs. If there were one or more interference/resolution pairs, a 
conceptual answer i^ formed by concfatenating them together in the form 
II and so Riband then, 12 and so R2, and then • ^' where In and 
Rn ar^a the nth interferenc^and resolutioTLin that script. This is 
how we answer: 

Q: What happened when John went to Leone's? 
A: John discovered that he couldn't pay. the check and 
^so he had to wash dishes. 

5.4, 1.3 Main Act. Search . • ^ ' ^ 

If the script has no weird events or interference/ resolution 
pairs, then a test is executed to see if the script .summary matches 
the main act of the? script. In some scripts the main . ac't and ,the 
script summary convey . the same information ( e.g. /the pickpocket 
script) but in others they are different. If it turns/ out that the 
main act is different from the" script summary, th5tl the main.act of 
the script is returned as the conceptual answer. 

John went to Leone's. He ordered lasagna. When 
he left he .gave the waitress a large tip. 

^ Q: What happened when John went to Leone's? 
: A: John ate lasagna. 



5.4.2 Causal Chain Retrieval Heuristics ' 

If the script, structure memory search fails to produce an answer 
key, then a matching search begins on the calteal chain representation. 
If the question concept cannot be found Ah I the causal chain, the 
generator is given a conceptualization repre'senting 'I donCt remember 
anything. ' 

5.4.2.1 Default Path Departures 

If a match io made, the memory search checks Lo see if Llie aituwer 
key xs an instantiation of a maincon in a"^script scene. Most scripts 
are partitioned into sc^es and each.stene has one main act which is 
of primary importance. 'For example, /the restaurant script has scenes 
for entering, , seating, ordering, eati/ig, paying, and leaving. See 
[Cullingford 1977] for a detailed/description of script scenes. If 
the answer key does describe the mafa. act of a scene, then the memory 
search examines each act of the sfcrii^t instantiation which is a part 
of that scene, looking for a conceptualization which ±s not tagged as 
an act on the default path of the script. If it finds an act which 
did not come from the default path, it returns that conceptualization 
as the conceptual answer. 

For example, 'the main acts of the bus script scenes are getting 
on sitting , down, and getting off. So if we ask 'What happened when 
John got off the bus? in the context of thes> Leone's story, the 
underlying question concept (John got off the bus) matches a concept- 
in the causal chain which is tagged as the main act of the getting-off 
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scene-. Other * conceptualizations from the getting-of f scene are then 
checked to ,ee if the.e was one which did not cc«ne' fr^ "L llil^Xt 
path of the bus script. One such conceptualization is found and it 
becomes the answer: . - ^ 

\ 

Q: What happened when John got off the bus? 
A: John thanked the driver. ^ 

The same default path departure processing answers the qmstion: 

Q: What happened when John sat down on the.. bus? 
A: John talk'ed to an old' lady. 

5. 4..2. 2' Resolution Search ? 

*^ 

The memory search next checks tc see if the ansvJer key was tagged^ 
by the script, appiier as a script inteirferenceJv jf so. its 
corresponding resolution is returned as the conceptual answer: ' 

Q: What happened when John couldn't pay the ^"Keck?' 
A: The management told John- he would have to wash - 
. dishes. 

t 

5.4, 2.3 Chronologi;§al Consequent Search. 

ll no answer is produced by the other heuristics, -but an answer 

/u"iV.^"u «:ausal. chain, then the next act In the causal 
chain is taketP.^ls, v^he conceptual answer; 

Q: What happened when John birdered lasagna? 
A: Tlie waitress took the order 'to the chef. 

Q: >What happened when John told the waiter he couldn't 
^ - pay the check? 

A: The management told John he would have to wash ' 
dishes. 

In an earxy version ot SAM, Causal Consequent questions were answered 
by picking up all the conceptuallzatlofts following the question 
^xpuclt^y stteTif thtto??:" conceptuaUzLi6n «h\ch -^a : 

Q: What happened when the hostess gave John a 

nfenu? 

A: John read th^' menu, the waiter saw that John 
was at tht^ table, the waiter went to the table. 

Q: What happened when John ordered the hamburger? 
A: The, waitress gave the order to the cook, the 
cook prepared the hamburger, -bhe cook gave the 
hamburger to the waitress, the waitress ssrvcd 
John the hamburger. 
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This heufi'atic was, desigmed primarily as 4x way of showing off all of 
the inferences^ SAM nalceS* It was never intended to fae taken as a 
serious model o'f what people do or as a heuristic for prcviding 
natural answers.'' One of its immediate faults lies within its reliance 
oiC knowing '\rti6ther or not a concep.tuailzation in the ^tory 
representation . Yas jexplicltly mentioned in the text of the story, A 
T^upber of psychorogy easperlmeatsi iBower i$76, Braosford 4 Dcanka. 1971] 
hgv'e shown that people cqaaot differentiate what they arc explicitly 
told from what they infet.' Furthermore, the type of infonnation which 
gets confused appcdrs to be ficactly. the muiidane scripkal infotmation 
with which we are working. Since - our ,.quoBtlon answdring oodel "ia 
attempting tc model human cdgaitivc procosaeo, wc do not vant to 
develop memory mechanisms which rely on capabilities pooplo do not 
have. Cdaseq^iiuntly, this early heuristic has bee(i replaced by the 
chronological consequent search which returns* the 'singio concept' 
immediately following the answer key in the "causal cha*4n. 

5.5 Verification • 

* , * , * 

The Initial memory search for a Verification qcostloa io quite 
straightforward. A matching search io executed t^ich cataalaoc all 
concept^ialifptlons in the script otructuroa, plaaniog sttuctjaea,' and 
causal chain rcproaentatioa. If a oafcch is'sadc, the crGdibllity 
value of the raatcjjcd coaoeptualizatlon io chocked. If it !^a» ahcolutc - 
certainty, the aaswer 'Yes' is passed to the goaerator. IE it Uo a 
credibility which Is leoff than absolutely certain, the adavec 
Probably is returned. If no answer key 1^ found, the Initial a^nwv 



Verificatt<»a quootlohs often carry Elaboration Options froa 
Content Specification (see Chapter Four). Aftor an. toitial anmmx.of 
yes, no or probably is produced, tha ocaory aearch chauko to see If 
the question le carrying an Elaboration (fytton or Category Trace 
Instruction. If not, the initial anowar U the final conceptual* 
answer. Otherwise an elaboration oust be produced accoEtSlag to the 
lostructioos in the Elaboration Option or Category Trace Instruction. 

If a Vorlflcatloo question I9 carrying. an Elaboration 0|>tioa, It 
vlll specify tvo ttrtags for the aeaory oeatchs the Aaewcr Criteria 
(AC), and tM Elnboration lastructlona (BI), ihc liiltlal rcaponan io 
-coaparcd ttf the Aaowar Criteria. If the Aas«Qr Crltatla tout is 
passed, tte Elaboption laotsiucJloaB arc executed. If tho Mismt 
Criteria test milo, the Initial answar bcco^se'o the final co?scep!.ttal 
answer which io iJaoocd to the gcnorotor. At the pccaftat tiee three 
Elaboration Optio>s- applying to Verification qtasstioae hnve hma 
loplcaonteds * the Vorlffcofclpn «^tioo, the Short Aamfsr Option, aria 
the Correction/Explanation Option . Ccoo occt-lOB 4.2J. Ha^sc ©ptloas 
are ecepoosiblc for.aaswrar- like* 

Qs Did tto valteeao give John a oeau? 
hi ffo, the lK>0tcsfl gave Jolm a aeou* 
(Corrcetton/EsplenaUon Option) 

» « 
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Q: Did Joha pay tl» cfiockl . . _ 

As KOjj .Joha vao angry because tba- haqbuirgoc vaa 
-l^ucat and so ha 3loffc. 
(Courdctloa/Eseplaaafcloa Option) 

0id Jote otdQC lasagna? 
t Aj Yqo, Jolm ORiorcd laoagtia. 

(VorlHc«tioa Option) 

Qj Old Joha go* to Kow Yo«k? ' 
hi Yq8, Jofett vont to Kow fork by bus, 
(Verification Option) ' 

Q« Did ,Jofea to the Pciac'a Clob? 
A: Ke. 

(Short Jtocver Option) . 



S.6 Diojtmctlvo , » 

^^^J^^^^^li^"^ qt^otione arc sinilae to ?crlflcatioa cwsatlone la 
tos^fl of t^ retrieval bcttciotics oaed to fmmat tbea. It Is tmeftil 

..Ji- v.? / 1^"°'^^^*' qtMOtlons as beiog ycrillcatioa qwaatloos, but 
vlth BttXttple ckeotion concopta iaatead of oae. 

t^.^^^^"^!* X^*»*»8^8««f«*i of tha Qatlro atory rcptcaaatetioa 
{script . st^oct^iaj^, plaaalag ofcntctttrc^, end cauaal chala 
JicprcjscatatlOQ) la ceaductcd for each of tba question concepts mtU 
om of tl«sa lo tsatcbcd. As ©ooa a.9 a »atch la wjdc, tlKi aatcbcd 
' «« pooscd to tfe« gcacr^itor m the flaal cosceptual m&^t. If 

no eatch is cade, tba initial aaavor la ^Keltbar.' Once an initial 
'^^f'^L qtwotion la checked, to see if tbsre is aa 

attending Traaafota ISraco Iaat!R}cfcl«o or Blaboratloa Option. 

ffer-nnl^^^Ji-^ « m /^'^'^ pcoblca *rttb Wsjtacfcive m^U^m. 
occaoalonaliy ^ Diajimctlvo question can be aajmsrsd sJaply Tea or m> 
depei^ing oa whether or cot aay of the cotjccistcaiiaatloas la tbs 
qeofltios co«c«pt cm be verified, ^ 

Did JoJm or Ifer? go ahopplsg? 
cay be asking? " * 

Qs tfsat atopping - Joha or Kary? 
©r it aJght be asklugi 

* 0' Did mfisnx! go eijoppieg? 

la a coatost **or© John sad Hary are tfcc only ebvioos ^j^ldate* 
ael^'^S^jA^^ totcreatcd la tte act shaf^log tSm tte 

actor perf«»la^ ii» g^fc. fec^^ ^i^h vay a »t@j«3Ctivc qwstlsa 
T'r ^ ^^^'^c** dc}W5)sd8 oa contextts.ll f aetata aed- tafer^ca aboiit 
vliat th4? qiwatioijsr is really istercstcd la. 
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It lo tbo caa«, hc^avoc, fcbat aa easvot -.vhich is derived by 
pnoolng fcho aaff^es key to tha isonoratoE vUX alv^y© be adequate - at 
its vorot, it wtil supply nore inforaatloi\ than febo ijticstieacr vao 
looJdjJs iot, Sayitg that Katy vont chopping vmx sat.is£y tha 
qoisctloBor rcsardlcos of i^othoc he teis Intetcatcd in %Ao wht ot juat 
that soacono wjot, ihc focua ioaua for Bl^Jtssctlvo qoostlo&s io 
tborcfoffo los6 cmsial than It do in ottear coacopfeual qi^sfciop 
categories. (Tboae problcaa" will bo purawad la.Oiaptec Six). 



S«7 lAatn^eatal/Piroe&ltiral 

Aaewers to InatrtrMsatal/Proc«dural (l/p) quaefeloas siy be £omi 
in either the ocript gtrwtucca, plaaaiog otructurca, or on tbe causal 
chain level. Iho ^itchiug cearcb begins vlth script otrtatorca. Sot 
all Bcrlpte have ccript-opccific rotrioval heiatlfitics for I/P 
qirastioaso Ihc eoly script iaplcsoated tbua . £ar wblch doea have 
cjccial hauriofclca for I/? qucotionB ia tba tti^ ocript. 

5.7.1 Script Strtwttaro Battlcval tcorlatica * 

Iho oatchlag ocarcb over ecript atroctwees cjiesdnea script 
ouHrsarloo for ciclj ocrlpt «*blch appears as a top level iaataatiation 
In the going or returning 1<^8 o£ tbo trip script. If the qaastion" 
coGcopt aatchea one o£ thca© stssaarlea, an anawar io produced by 
coabiaing other acrlpt dtar^iea fr<si tha trip script otnscttwe. If 
tho aaavsr key io focad In the going iisg of tba £rip» the aae«ar 1« 
forced by coacateaaticg all of the Btesarlea for caeh script ia tJm 
goiag leg of tbe trip up £o aad incledlag the ssatchcd oasaaryj 

Qs Bow did Jaha gat to K«v York? ~ 
Ai Jofea mnl to Bew Tork by baa. 

Qi Bav did John get to Lcono'ot 
As Jofea vent to Ifcv York by bua aad thca he mm - 
to Icone'a by eiii^hy. . • 

« 

if the qtscjstida coflc»pt satcfeoa a script ausaary frca the retaralag 
leg of tte trip* the oaao baoriotic le used, but with the ecript 
BusEsaries in the reCurnlng leg of the irlpt 

0' Sow dk Jofca le^/c Icoae'a? 

A.; Joha wont fr^ iSoac's bt oubtKiy. 

" ? ? * 

B0W did Joha get to How ^yca? - 
Ai JokQ weat JErtra Looae'a by. aubway then Jehu 
' wcat ttm few Yotk lo Ksw Eavcjf by b*is, 

* 

5*7.2 fUo^lBg Strti^tur*: Eatrifsval teurlfitics 

It OK, muv^tin toopd tnf^ a^rips atrttctwrco, iniexmees' ttm 
plaoatng atrs^etsirca ate l3Ri;«ked. Oa thi^Jlevel, retric^ral for I/F 
q«39tlona la identical to retrit.al for Eoablfibear. ^wetiofta. If iht 
sat^hiisg warch cm locate ths m^^t key in tb<' etory represaatatlon, 
it cheeky to If th- mrc^t k«y has a VtMStl link polatisg to a 
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aubotdlmtUs goal. If twch a |>olatotr la fooii4, aa ansvar Is ncodaccd 
by ccraeatonatisg tho ELMACT coacepfeuallsatioao: 

Q: Eov did Joha prevent l&ry froa gecfctugtliurt? 
As Jotra killed the dragoao 

Eolrlcval froo plaisnlBg ofcrocfeuroa iot Eaablcsant and l/S queotiona is 
ldcatlc«a since tJasse docs not occa to be a conceptual dlafcinctioo 
bctvcco thoca piano Milch ace eoablcaontSs to* a parent goal aad thoac 
plaao wSjlch ace iaatCKseatal to .a paccat goal. At Om prc«sat fcioe 
tbore io only one celatlonahlp between a goal and its plaass a plan 
ccatrlbutoo to the Acljlcvcscnt of its parent gcii. la the qiwatlona 
and otoriQo connidoccd, Eaablcacnt and I/P qiseofclono appear to bo 
coaccptually cqoivalcat vfeca the aaoKiro arc doclv<^ frc» goal/plan 
rclatioaishipa. The qtKJOtionsj 

Qj How «ao Jotm able to prevent Kary irca getting htwt ' 
Qs Bow did John prevent Kicyfross getting huartt 

can botii be answered s 

Ai Bo killed dragon. 

If at a<Kso point a qtieatlon ia encojmteced «t»ich dcuaiuis a dlsan?.aon 
betVQca iaotnacatfll pXano and coablieg pllaa, tbe roprciwatatlon wUl 
be forced to reflect this difference aad the retrieval hennatlco vtll 
bo altered accordingly. 

5.7.3 Causal Ojaln Retrieval Baarlstics 

On the caiml cfeala level, the taaty^wng ecareb rtaa throt®h the 
cauisal chain looking for an ancvcr is«y. If oco ia found, t!!so ansver 
fe«y ia checked to eee If It has an loatnsasat alot. If eo, that 
cnssscptuallxation la retsariicd as the f^,nal conceptual aatsverj 

Qi Bov did John get to the table? 

Ai.Jofea walked to tfee t^ble. ^ 

If 00 laotnsscnt ^ot la fosmd In tk satefecd cosceptssall^ation, or M 
!5o cooccjstuallBatlon in th® causal chain is oatcl>cd, a 
ceacepfcusllzaUon la paascd to the generator represcctlag ' *L don't 
knov.' ^ 



5.8 Concept Cespletion 

Cossgept Ccsplotioa quaationo require little core than a ssatchlag 
oearch to be ©severed. Iho qtMBtlon concept for a Concept Ccapleiloa 
qiieation ban an takaofwa concepltiai ^m^i\m.u In ihs ccsory search, 
tMe tfliknoya ccsponeat ia treated aa a wild esrdi it vill satch 
anything. aatchlng search cxazinea all le^^le ©t the a^arv 
representation. Script strtjctures. plasaijjg strt^turp , and t^^- 
cao3al chait« represeatatlsn are all et^arcfctd int m. mn^^t ie-y. 
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When a eatch is Mdc, short ORSwers are produced if the Single 
Bard Option is in effect 4sec 4*2)* . 



9s Who gave John a Genu? 
A: The hostess* 



athervif^ , the entire aris»«*r .key is generated to produce a lona 
ansver: % * 



Q: Hho ^isve Joha a aenu? 
As Ihe he tcss gave John a nciiu 



S*9 Expeetational 



r 



Estpocttttloiua queotlods ore uaXike aU of the conceptual queatlon 
catogodctt dlBcuased ao fat In terns of tlic laitiai neaory eearcb 
ptfocosolog «hich nuBt tah& placft. For all of the., other question 
categories a tsatchlisg search was Initially exccutisd to locate the 
qjSastionLcoocQptln the o.tory roptcsohtation. But an , £xpccta.ti6nal 
quaotlon aeks about soaothlog trttich didn't happen.' And a ccacoptual 
ofcory rcpreuentatiott contains only. those tMags which dld\take place. 
So an MStfor key for an acpoctatldnal queatioh cannot l?c found in tba 
story r^proacBtation, Iherefore Exp^scl;ational question* do not 
initially conduct a catclilflg soarcfe fjjr the queati?»n concept like 
other qucotlon catQgoriou. A satchiag oeatch Is -toaductcd, but it 
opcrateo on a data otructuro vhlch is created at the tian of the 
ccaory search to augcent the story ropreoantation. 

A> detailed tec^uat ©f BcpoctatioBai quootloo*? and the neaory 
search ptoceooas which ansmv thca is given la Chapter Sfsvcn. - 

5. 10 Judgcscatal 

Judgeaoatal qBcatlons arc ctaUar ta- ' Expoctatlonal queotions 
insofar aa they oust access inforssotlon outside of the story 
raprcsontatloa la order to produce aa aaawer'. Qucotlona like 'What 
sh2.uld Joha do nov?' require tfe aatjvorcr to project hinself into 
John s Place (i.e. into tba tsltuatlonal context of th story) ajsd 
cak« a projcctioB conceralng John's behavior on the basic of whatever 
acrlptn and plans the aasverer has at his disposal. 

Them- questions have bccjx loplcaented by Jaloe Carbonoll In his 
"^fS^r!^'^®"* version of the Coldwater nachljsc tCarbeaQll 1977J, The 
raLlTies pregraa currently proccaseo CoHceptus.1 Depeadeiicy input and 
predsicea Cojjccptfial DepQodoii<ry answrs. Civca aa iaput otatetioot and 
cose eu-«tlon3. POLITICS rcspojsds with ancvero. which reffcct the 
political Ideology a rlRht-wlage?s 

ITiFUTi Rtt<3sla S3»s«d troopa on the Csech border, 
Q What will pysala do nsssct? 
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Q: Whafe^ can »Lhe United States do? 

A: THE UNITED STATES CAn DO-NOTHING, IT CAN INTERVENE 
MILITARILY IN CZECHOSiX)VAKIA BY SENDING TROOPS, OR IT 
CAN INTERVENE DIPLOMATICALLY BY TALKING TO RUSSIA 
ABOUT CZECHOSLOVAKIA. 

Q: WhjSt should the United State^ado? 

A; THE UNITED STATES SHOULD INTERVENE MILITARILY. 



To implement Judgemental questions for SAM and PAM, we would hav.e to 
set up an interactive communication between the question answerer and 
the script applier or plan applier (much ' like the interaction 
implemented for Expectational questions which will be described in 
Chapter Seven). In this interaction the script or plan applier would 
be given a processing state encountered at some point during 
uhderstanding, along with possible goals specified in the question, 
and a request to project the predicted behavior of whatever character 
was -in question. ^ 

For example^ suppose we have read the following story: 

John went Into a restaurant. The waitress gave 

him a menu and he decided! he .wanted a hamburger. ^ 



Kov ^\%po8e we are asked: 



\ 



Q:* What should John do now? 



To^answer this question we would asj^r the script ap 
conbeptuali^atlpn , involving Jo' 

A: John should order |a .hamburger. 



for the next 



SuppoQg'iue had r^^ 'd: 



John loved Mary but ^lie 
One day a dragon stole 
was never seen again. 



and were asked: 
■ 

• Q: What ahouYd John have done to save Mary? 

To ansver this question the plan applier would have to be given (1) 
the story representation as it , stood before hearing that ^ry was 
never seen again» and (2) a goal on'th^ part of John to save 
could theu. predict a plaa which John could invoke for att 
goal* Ihia plan would be used to produce an answer: 

^ A: John should have killed the jlragon. 

Ko difficulties are anticipate ! in implementing these questions. Many 
of the ' mechanisms which would be needed already exist for the 
Expectational qu^^tions. These questions have not been implemented 




lidn't want to marry him. 
iry from the castle. She 



It 

ing his 



foi/ SAM or PAM la;gely beoajiis4 the/ have been Implemented elsewhere 

5*11 Quantification 

^ Quantification quest^ns are very much like Concept Completion 
questions but their a;iswers are found in memory ^tokens rathe r^ than in 
the chronological story representation, A fact like how many people 
were In Leone's would yL stored under the memory tokfen for Leone's 
patrons. It would npt be placed in the script' structures, planning 
structures, or causal chain concepttializations. 

The Internalization processing which follows the Initial parse 
should be able to identify which memory token is being referenced, so 
• the only work^|?«malfrfeig for the retrieval heuristics is to^ioc^ up the 
appropriate property under that memory token. For example, the 
stQry had mentioned tVat there were twenty people on the bus going to 
New York> then* a mentory token for that group of people would 'be 
created at the time of understanding. , Say the memory token was given 
the pointy GN005. Under^ j:hat memory token would Se the property 
NUMBER, and the^ value assigned"' to the property JJUMBER would be 20. 
Ngw if a question is parsed which asks 'How m^ny people were on the 
bus going downtown?' the internalization program would be responsible 
for recognizing that this question references GN005. The internalized 
conceptual^ization representing the question would thereforje be: 

GNOOS^^IS'^'NUMBER VAL (*?*) v. 

The question concept. consists of two parts, the referent 'arid the 
unknown property: - ^ ^ ^ 

{ ' ' ^ * 

(REF GN005 PROP NUMBER) 

The retrieval heuristic is then very simple. The conceptual answer Is 
produced by performing a GET (the function which accesses property 
list >falues) on the name GN005 and the .property NUMBER. 

5» 12 Feature Specification • * » ' 

Feature Specification questions'^are answered the same w£^y a^ 
Quantification^ questions. The ^ question concept consists of a 
tokenized referent and an unknown property value. A simple retrieval 
on the property list of the spec^ified memory token produces ^e 
answer. ^ , 

Q: .How old was John? 

Is. parsed and internalized aj?: 

GNOOl^^^ IS AGE. VAL <*?*) 

The interpreted question concept is (PEF GNOOl PROP AGE) and the 
answer is^roduced by getting the value of the property AGE under the 
name GNOOl. In the event that a fuzzy property reference is given in 
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tl» quastlan (Wjat kind oi d6g la Rover?) tbo retrieval looks for ^my 
deficrlptive property vfalch is not in a list of ataiaaaH deectiplors to 
avoid (SEC, AGE, COLOR, IIEIfflt, HmOHAtlY, etc.) Th^ Hrot property 
it finds ^diich is not on this list iat rettirnixd as t^S coM^ttsal 
ansvar* This hcuriatic should Ija replied by a typt^s^ilciflc default 
Jieutlatic# For e^caaple, a ccsory toksn of type 1X)& sbQuld^'^feiaa^ Ife 
BREED wfien a general iloscriptot is needed. Bat such type-s^^fic 
seawh would require a taxonoay of noaofy token types. Khilii st^^a' 
taxpnoay Qusfe evcatualiy be proposed,^ it la too early td d(nml<tp 
anything: ptber thsn an ad hoc systea of ecaory token hiexarchies. Thh 
primitive heuristic deatribcd above will stand uotil a ceso^y tokea^ 
taxonotay ean be proposed. 



5.13 Condudlns Reaarks on Retrieval Heuristics 

The one conceptual question . category vhi^h d'e«a not ^ dictate 
retrieval heuristic^ are. Requests. In a cospleto codcl question 
answering, a l»gc portion of the ncaory search should bo devoted to 
the proceasiflg required to execute a Request, .this aspect of the 
theory would naturally be liaite'd to whatever slnuletcd wrid the 
coaputer can funct^n in. J'or exsaple, ttinograd'a SHRDUf ^loredl the 
Request aspect^ of aeaory searches ik iis aonipulAtion of a blocks 
world tWlnograd 1972J. ^ . ' . • . 



Since the prograas iaplcaentcd in t'oej unction with <^mn are 
programs Wilch function to demonstrate 8t6|y nndersUndlng, there baa 
been no natur^ opportunity far exploring Re'questa in teres oi siesory 
searches. ^fe questions vhiqh people' can aak ab^Vstoriea are 
Inquiries. These have forncd the basis for the reaeatch presented 
here. In the context of .story understanding, we need not concent 
ourselves wirh whether or not the computer is vtlllng to light our 
cigarettes. « ' • , . , 
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of tbc q^^cmtism to %^ich aua^^tlo^ te^ directed, '^ea J 
iocuB Is td^l«£€d» to qc^sti^M appce^r to 

Qli mtf dccii Carter cfi«y Ms om l^gg^ef * 

^? Ea t^nt^ to tesov oc^^ ti:^ 

A2i- It vo«ad 1>I ^iUf fer hia to BUlf^s 

tfcc ftcaidtat la vlolatijss a social csmveafciam of Ms 
o££lcoi lAca yott'nj ptcsidcas; yoa dcsj't c&xrf year 
o«a l«^s!E3e. Tfec focus falls oa Carteri 

Q2! feljy ticN!3 Cactep (ef all pcaplc) carry his 

.ma It^gage? - • - 

J*^ aasti^ca tfce ease qucatlea bpt ylt« focua oa tJae 
fact ^ t>ae people jaiccaUy tfcistr ©im Icggss© 

Sa3tcis4 of otMs gci^plo's, Ifee focftn i^re fall? ©a 
W^ose li^gsge Carter carrlpgj 

Q3 • does Cd^tcfr carry hia cis It^sgsgc ( JssteaS 
of scscQtm dec' a iegg#ge)? 



6.0 Ijsttodu^tissi^ ifi. 

If Ai ecas to fee a csre !jat?*ral ei?^vor td, Ol tteio A2, it la cal? 
bccaa.3e wc.Jcmw tJsat Carter Is Prealdcat, as4 ^t president® arc'.&st 
Bcbjcct to t>u? asse saclal cfrssveqUosa as ite rcs^sf c3« It **iuld 
not !saV«? Ky^is cet56« to SRSvcrf t 

* 

Q'i: Vhv d'oca JsJss Do* carry hio oim Itiggs^c? ^ 
So wants ii3 t©' tt>Snk t?fl^o oass of t^a p?topl<?* 

mlcaa there in fiosetbiisa special sbsut ioJ% ttea is^icla s^tgeatJi tikt 
be 19 not ono tf^ p<-3pis. 1>^sji particular cesspit of fs^ua 

catabllsbs-eat is aaisctJ e?i gec«r3l tescwledge abshji t«>rld sod 
be discussed IG ee-tioa 6,1.4. &it ilrs", v« vfU dtr..rrlK' «it»c wjw 
that fosus c^wifffita licell, ' 
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6.1 IJlicereat Ki»4s M focas 



Attimtloa can be directed t© a. patfeiculaff ceapoooat ot a <i^i8feifltt 
by ssaay dif fereafe aaaa©, Fota gcasjsal stcatcgicii iiscd by j^akajsa for 
{octu» placcsiKit; arc J 



1) Sfcre«s latoBatioa ?att4srai? 

2) Syafcactlc CJonafccoctieo 

3) Cbatcxtoal Bdtc£sda^at@ 

4) KDQWl<^gc-Saocd Batemic^faife^ 



jtraceesiog" aad caoaofc h& detected la.wtlttea iaogtjage witfeotJt tfce wsc 
Of italics, oaderscorlng, ox eeae otl&ar visedl devic4% destgijcd feo 
elnlck epolcea atrcso. Hie accosd tstjafccgy, sySactic ccoaurcc^ioa, io 
a gra^tical device. ' Hie last two 3f;fcdtQ8ie3,\coatcsttsal ' io&m acd 
Jwotflcdge-bae«d focua, aee .ftmctloao of ccacdpfettal psocesalas ^ich 
Cimaot fee diactissed vitbout refareaec tc oisaosy. proc^seo md 
itttota&tion la csmoEy, . i 



6. 1*1 Stress latotmfcioa Patterxm 



. Oac way that a ?t(^fitidn caa be coaatsucted "^wttfi 'a cleat" t^fcat^ 
aesignaeat is by -^jslcg jrarlous ijstoaat^on ^Utee»s. Of catsaa tisia 
docs not occur la wittrfn iaagcagc but it is esed all tt& tiss la 

^. qZz Did tfea WAmiss biflcg Joha a eemsl 

A scrcaa pattera for qz wfeich impha^nisca the ^td *«al8:cess' by <s ri^ie 
la tonal fre^jucncy aEd^bapa voli«e vlU sesve to pliice tl^ focu& of 
the qaastioQ oa tbo waitress. Ifith tfcc pr'o^r latoaatloa, qZ u 

Q3j Vas It tliss^itcess broogbt Jobs a ssau? 
^ t«rbs o£ vfeore the attsstloa is foscfed asd ^4iat Idads of tas^ssrs 



la actual.. 8{>^!e«V Mt^mUoa .jbvi >ij coabiaed ??ifch tijntactJc 
coostructloa to ©spreoa auitudcsr ef irday. dlabfellcf , or mtmm. To 
oee b^H 'iatooatiott caa tare arousd tfes tjeaalag ..of cafclcc seatescca* 
•consider teaiin^Q of 3 ft^tlonal tolcgtaa? 

".)- ■ ' ■• ■ 

. Ju-j^pb S^llis 

You ^rt2 right and I ^aa wroeg, Te« arc the true 
heir of Isftxln* I oiiould apologl«c<. 



WJ mm rt^4 HSC3St ^£ - 

« 

Q3* it tfcs »3tt£sg?^ sfes ^f^>i Jc>2 % seas* 
this Aspect erf t&s- qs^^ix cci::^%». sss 5^ jsss9^z«e ssss-^-slIy 

X 

A3^t tte ^at^e^ Sn^s:^?^^ ^ ^^^^ 

✓ 

for Q3 t^ls <m tfas igctor brsp^t Jn%s ^ 2^^* 

Sya tactic cOTstrtS:tifiras ^4 ^tsr:^^^ inv^ix^Am yiVs^^ ^g^esta of 

tfe foc$35 of ^ q^sii^sa^ Mlm tfe^ ^feeri t3fe^ fac^.e^s^ j:^ 

oftejs tfca oaae the caist^^sts erf ^ i5^3«^tlJ52^^ ^s^^ti&l isx 
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Jots h&d juBt bDught a new car? He was so happy 
^tirf it tisat he drove it at every possible 
cppozttmlty* So last night when he decided to go 
out tox diMsxaz, he drove over to Leone' s, ;ftien he 
get ti^te he bad to wait for a table • • . 

04: *^nj did Joioi 4rive to Leone's? 

ip^ixopriata aamerB ta this question are 'Because he just got a new 
ear ,SDd ?se iii:ed to drive it whenever he could/ or 'Because he was 
wery happ? with his new car/ or Because he enjoyed driving/ etc, 
etc^ Iste pcrUxt is that the question here is interpreted to be asking 
a:S^?tit drivi^* Tne focus of the question is on the transportational 
izkBtXV^^m used when John went to Leone's, Now consider another 

CONTEXT- 2 

Jofaj had a crash on Mary* But he was- so shy that 
he vas happy to -just be in her proximity. So he 
was in the habit of following her around , a lot. 
He kne^ than she ate at Leone's very often. So 
last nlgfet when he decided- to go out for dinner, 
he drove over to Leone's. When he got there he 
had to wait top a table * . . 



Q5: Why did John drive to Leone's? 

Ihe qu&ati/>n now has a different meaning. Appropriate answers are 
*^gecatise he knew that ;Ka|5r.ate there/ or 'Be.cause he hoped to run 
into Hary there, or 'BecausVhe wanted to see Mary/ etc, etc. Here 
the: question has been interpreted to he asking about Leone's. The 
focus df the question is on John's destination. 



Since Q4 and Q5 elicit different answers, they cannot be 
coaceptoally equivalent questions. Yet lexically, Q4 and Q5 are 
Identical questions. They differ only in terms of interpretive focus. 
This assignment* of focus must be a function of the context in which 
the question occurs. The conceptual representation of a question is 
not complete *if it does net include focus specification whenever 
^ppr:^r±ate. It follows that the conceptual represention of some 
questions must therefore depend on the context in which the question 
occurs* 

When the focus of a question is sensitive to context, questions 
tend to be interpreted in terms of what information is present in 
isesiory. In the first context we don't know why John chose to go^ to 
Leolje's in particular but ye do know why he drove. In the second 
context we have no information (Concerning , John's choice of 
transportation but we do know why he elected to go to Leone'n. People 
do not consider an alternative interpretation of a question which they 
cannot answer when there is a natural interpretation which can be 
answered. This suggests that there are questions where memory must be 
accessed before a full interpretation of the question is achieved. A 
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discussion of this problem and some proposed solutions will be 
•presented in -Chapter Eight. 

6.i..4 World Knowledge and Focus « 

In some cases the focus of ,a question can be ^tabiished only by 
accessing wo rld^ knowledge in memory and applying various Inference 
processes in order to see where the que'stion was^ikely to be focused. 
In these cases the establishment of focus occurs in the interpreter or 
the memory search. 



For example, suppose I tell you that our mutual frlaod John 
roller skated ta McDonald's last night. You may very well aA7 

Q6: Why did he roller skate to McDonald's? 
and I could answer back: 

A6a: Because he was .hungry. 

A6b: Because his bicycle was broken. ' 

Aja addresses the question as an 'inquiry about John's destination. 
A6b answers the question in terms of Jdha'^ mode of transportation. ' 
If A6a seems to be a funny answer it is because ' It addresses an 
unnatural 5o€us assignment. Q6 Is more naturally interpreted 'to be 
asking about oohn s roller skating rather th'an John's destination. 
This focus preference is a function of evaluating vhat Is most 

question, John going to McDonald's is far mere 
commonplace than his roller skating (given the assumption that John Ig 
an adult) , This interest evaluation^ust be done In ' terms of -world 
knowledge and knowing what things are relatlvelj^-coiamon or unusual. 

roller skates everywhere and, never goes Into McBonald^^ because he 
abhors fast food, then this knowledge ylll be used to understand * that 
John going to McDonald's is more interesting than John roller skatitfe. 



• Focus Rule ^1: 
SPECIFIC KNOV EDGE HAS PRIORITY 
OVER. GENERAL KNOWLEDGE DUKl«G 
FOCUS ESTABLISHMENT 



Another knowledge based ' focus assignment is concerned with 
plating focus on the most ^^ar^able aspect ola question: 



« 
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Q7: Did the valteeeo brlag John a laenu? 

Suppose the answer to this question is No and m want to ©labdcnto the 
negative cesponse. • 




Mo, the waitress brought 'orhn a hataburger. 
No, the hostess^ brought John a taenu. ^ » 

A7^ results vhen the focus of 97 is placed on the csenu. The 
ejaboration Is predicated on the belief that vhat is irsportaat about 
(this question is t^at the waitress brought Joba, A7b reauits t^cn the 
focus is placed on the ae^or, the waitress. Here febn elaboration is 
produced by undcrstandlag Q7-to be coocerncd with «bo brought John tbo 
laenu. When focus is assigned to., the, aenu, Q7 carries a weaJs 
presupposition that the waitress brought John soaofcliiog. V3iea focBS 
.—4s' assigned to the valtross, the prosupposeitloB that soscbody brought 
John a aenu. Focus is beins*placcd O/a that cossponcnt of thn question 
concept i^ilch is most ©i^n to correction or variation. 



Focus RuiQ.l2: - 
VASIATIOB OVER De?ECmXXOH 



V 



It Kay very veil be tba ca&s that both A6a and Afi/b arc perfectly 
colrrect answers. But one o£^-thm U liablo to bo feorc agproprialc 
Finding a focus «iilch will r§solt In the aoat/appronain aasva 



requires knowledge about tha world, atcrcoty/ic oscu^rencea, ^ 
point' of variation »itMn a otcrcctypic sittidfcion. m wLU return to 
this particular type of focus problca asd propoa© a acript-bascd 
proeesoiog solution for it la scctlan 6.3. , 

6.2 When Focus ia Estabtislied 

t^^^^t^^ constructions and intonaiiocal patterns ailcw oa to 
identify the focus of a qtmetloa wltfeout any lafcrenciag or higlser 
oeaoty procoaeieg. to either case, tbe para43tr can rec<^aia© t^ focttS 
of the que0tion and saek the coaponent risceivi^^ eaplsanis in its 
resulting conceptual reproaontaUon. In otr ccssputer aodel© 
iatonatAonal pattoros arc not coasidercd ni^ee musa Ptoematxig 
vritten rather than spoicaa input. 8ut syntactic cenotrtations ofeatdd 
be rec«^niscd by tb& patms %fym U»y £«netlon in teras of fo^as 
cfltabAiohaent. The parser slaald be able ttj input 

Ql: Uas it tbo valtreaa «lio gave Jolm a.tseau? 

and output a concoptuaUzatioo ttfeicb isarfea tt?e focus of tbe qosjotioas 

mjREss <*> Alum nmu «-{ 

T (past) U WMTRESS 

focus 



S3 
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eosa cams, Th^ nvmt design has nofe iasoff^rafecTcStSi^ 
expected jpoo© asy iatceeafcisg tlssoratlcsi jsroUcas^ 

problem o£ £ocm mtmimmttmm^m tfea de^iif?? of a^tdoiS 
vituotit ever coaflXdcriiss tfes focus of Sim qtjcafcioa, iTtlfe «as^r to 

Q&j ©id tfes mitrcaa brJug John a mml 
is tee, tbsa It is not u^mmif to hxm the focus of the eissstioa. A 

ff ^ !!f r**^^ Is-reiiMffcd, focus is only ac^dcsd to msmi qfi vihetx 

feieboratSoa optica is being eaterijleed. 

6.3 A Sctflpt-Based Focus Haesiatlc 

foctts feeariaiic ^oat to ba described ie exc«utcd tiljea'v.ite 
Conr^tloa/Espleadtioa Optica is extrci§«d to augseat « a^aSve 

be ideatified ia this cisse ia ostloc to caccsct tlm q^stloa eoaeeat, 
Jsfojo Xaaajs&iag iato a desctlpfeioa of th& actual heia'istic. m vhl 
I'**'^**! . elaboratioaB t«^ ^o what is 

story*"^^*^*^ ^ ^^^^ qeasfcloas in the coatext of tfes foiio^fil^ 

Jolm weat to a Keataoreat and tfes hostoas gave hiss 
a acatt. VSea b© ordef«d.a Hot- dog t^itrcas 
^sftid tfeay dlda^fe ba:«?6 aoy." So Jofea ordered a ^ 
hsaborger lastead. Sat «feea iim Jmbarger caao, 
it ma 60 burat tfmt Joha left. 

Qit Md tfes V3it£639 give Joha & seau? ' .^ ■ 
. AU Bo, tba feo8t«es ga^^e Jotei a «eaa. 

Q2S Did fck waiirea? mtrvn Jobs a hot dog? " 
AZi Bo, the tfsitrea^ scn/ed Jo!i?t a haiaburgcr. • 

Q3i Did Jofei cat the haabor^ep? i . 

A3s Po, tfes hasbutjjer v j barat. / > . 

Each of these Verifi«afcioa mteatloos .baa bees isiWred vlfeh aa 
apprapriato olabSratfoa. tu. problems m ara aoacaaSd vith £ Share 
tba^5o claboratioaa ccae frcss. if coaaidor Ql» i^2, ^iad it 
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* 

becoaas clear thai each of tfes cla&orstlORu offered hete arc 
timaslvas aomfega to qtessettoasi 

Did tM valtress give J^tej Geo«-«i> 
. tea, so, 





the boota00 gave Jotei a seisii* 



' / 'V 

Tea. Ka« :• 

\ ■ 

la^t 4id tfe3t tmiireos imcvo John? 

- \ ■ . • - 

Iho iiaitjress served Jtolm a tuuabuego r# 



&id Jolm <2at t?m feaaburgerl * ' 

/ \ 

Yes, Ito, . 

' -x ■ 

Vniy dUr^t Jolm .mt Che ha^aburget? 

■ \ ■ 

The boaljurger was bur»t. 



It appcara M.^fr tlicae elaborations art obta^aed by aakiug acd 
answarlag aoac new queetion. So the problmoJof einding an elaboration 
becones the probleiu of finding a question to- ask (and anawei;) . Once 
m have asked the right qu'eetion, finding an answer is pot hard: the 
aocondary queptlon can juat be fed back into qUfOM to be processed as 
if it were just 'another top level question. The difficulty is in 
asking the right secondary question. How do wa know which question 
will lead to a good elaboration? 
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U siJOttW be clemr that ttooro late cwmy occot^orv qoostloiaii. i^ich- 
could be g^asratcdo In fact* thoee act! aaoy eecoiidaty questMload which 
^would Ic^sd to conscct eloboMt^U^rss. 

Q4s Did tt^ t^UiJa^ give Joha a ccmut 

A4t the >^ittoaa gave Joha a bdJ^butger^ 

A4 cosea £rca mimiiarlcg tte jmccmdary quoisUon 'Khat did Urn ^^^fttc^n 
give John?' It io lt|K>rUiafc to rc?^ixc thut tbot© In ^^othlng locorrcct 
about A4 m a^tciipousa to Q4# It la abcolutoly trim thatt tfea naittciis 
gavQ John a haaburg^« Yot aoachow thiB mmi^t mf^n Icos natural or 
Ucso appropriate than Urn ancvap, 'llo^ ttto hootooo gave Jotaa a Kcnun'' 
la gc&orating a mconiaiy quostibn m «uat 6a coiscemc^ vlth finding 
tfeft one vhlch loads to t\m ©oat natural* ro^aao*; 

All accoodaty qunaUonB vhlch lead to rc^aooablc olaborationa can 
bo derived. fron the original qoaotion concept in ikmso oannet* Al and 
A2 ^re the roault of Coxtcopt Cosapletioni qtueaiionn created fkota the 
original question concepts , 'Ithp gav§ Jblui aeau?'' c<K2ea frcq 
risplacing iim vaitreao vith an ualsnovn Actor in Jthe queotlon concept 
underlying 'Did the waitreao give John a momV 'tibat did the^itteiie 
serve John? - in the rojsult of* ait untaovn (^ect in place of the 
hffiaburger in the concept underlying /Did tbe'imitreoB serve John a hot 
dog?' A3 la a response to an Bcpectatlonal queation^ 'Did Jfohii eat 
the baaburgor? <Nd,) - Why not? (the htoibuiger wait burnt,) '.flow do 
ve* knov ^on to generate a Cbncept Cpspletion question and vhon to 
generate an Scpectatlooiil queation? And if a Concopt Coapletioa , 
question is to be uaed, %^ich one? 

♦ * 

For the taoment, let's just worry abou^ i^iadingUhe right Cohccpt 
Cfeapletion question. Each posaible Concept Completion queation is 
derived by repljpciiig a conceptual component in the original que8<i;lon 
concept vlth an unknown* Ihe problcsa m Zace is one of knbtrlng which 
conteptuai coopbnent should be replaced t ConaMer all the possible 
Concept Cotapletion questions which could have be<m generated , fro«a Qls 

Did the waitress give John a menu? 
tquestion concept) 

*?* p> JOHN 

WAITRESS <«> ATRANS MENU | 

U WAimsss 



Who gave John a menu? 
(replace Actor slot) 

\ p> JOHN 
*?* <«> ATRANS 4- MENU ^ / 
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(replace Coisce^stual Act elot) 



^"hat did fciss waltteas give Jolfe? 
Ct©ptacd (^iect slot) 

MtTHESS <•> kTSMS 4- *?* «-j 
«► 

. ?aso did tte wiltrcsii give a tsoae to?- 
(fcplQCQ Rceiplcflt olofc) 

wAxmBss w hmm ^ wm ' • 



By focusing oa dlffotoot coacoptual coapoao^fco 1» tfea otjcutian^. 
w| coo generate dlffoscafc aecondocy quootions fo« ^ialjoVatloRs. i^k 
of fchQso ijocoadary qucstlono will lead to aa elaborafcioa and -jscao 
won t. For cateqple, in the coatojfc of our original story i!8»at did 
the waitress give Joha?' can to aaowesed and wHl thotofore p^miin aa 
^aboration. But 'Vho did tba «altrc8» give a aona to?' cannot be 
answered (unleaa tha anower in no one) mi tboreforo; dooa cot lead to 
4 good elaboration. • 

Wiiiti nany aocondary queatipns caa be generated, and norc than 
one of fcheoe csay lead to a correct olaboratioia, tlwrc is generally one- 
question «hlch loads to the most natural elaboration. Knowing which 
question will give the best elaboration Is oqoivalcnt to knowing lAlch 
conceptual component of the quootion ahould receive attention. There 
la an iiapllclt focuB in those queot^iono which singles out the proper 
conceptual coapoaent. In Qi the focua is on the ^walttesa. In Q2 
focua falls on the hot dog. Xhc problca is how to identify the 
Inplicit focua In these questions. 

There is a basic principle In question aasworlag tihl<sh can be 
used to guide all pcobleass la focus establishocat. 

■ I • , 

Focus Rule #3! 
•^ocus should always fall on that conceptual 
component which is most interesting. 



The only problem is to determine which component In a concfeptuat 
question is relatively Interesting. To do this we must use knowledge 
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about tM U9idd/ lis stist; mn laimfledse la ordec to fisd out it^t 
esqs^etatioss tbe {Ksreoa asldsa the qneatloa lias. 



GcmV with '»o/ we &3VC coattadlctcd aa iaplicit eipcctatloo oa t3« 
part of tl^ qaastiotSiel. Ihece tmo sccse eKj^ctatloa that the laiirosa 
sdght fesve or aWald Ibawc gtvea John a eeau. la deJjofatiDg ota 
aafit^c» «a ^Bli to ssldtcss thij;* cxfxscfcatloa cwd qtplaia lAy ifc ms. 
vioiat<?si* If WQ cowii4Qr tk* courca «£ this estpcctatioa, wa caa 
deUjralaa differcafe de^r^js of certoiaty la Use cooc«ptual c<wpoRcat4i 
of tfe<s> isarpcctatiea. THicaa variatloas la coctaiaty dorlva ftoa febd 
igotloa of seript cosistaats asd script vai^fttblea. ^ 

Xa cvaty ocript t:^re ace a mt p£ v««y atroa« expcctaiioaa. 
KSicn bear tliat; Joba vont ta a scatsurditp ^ expect cecltUa 
activities to have takoa place, for cawaple, wa eatpcat tfeit Joba * sat 
do^, ho got a acaUft he. o^cst£, ha a^, aad ha sust Itsva paid tbo 
chccV. Uiesc acta aco called script ccttat;aat3. If esac jospsctatlons 
regstdlos a eciript eo^taat atc^ vlclat«d, wa want to bo abU to 
accoimt foe fcha contca^iotioa. So if bear that, jfoba mat to a 
r«Jtaoracfc b^ id not pay tbo cbesk, vo"'ta»d to waofc to klow nou, 
Smn aeplaaatiott Is «aepfectcd. acd wtil ba coi^bt. 

Vithin of it^ ocipsjctcd uctipt comiumU, t^re i§ often torn 
for a certain ^ora?. of variation* I?q hiov that Jofei wxot Imo gott<m 
a mm^ hnt ifc i© cot clear i^etd ttmiu coca^ fircta* Bo aigUC get 
tt fcoa ' uso )S3Lltt€tmf or tI^\iK)3to^»j or it cay fee ulttlas oa tha 
tahlo and feo picica it up Wsaelf # vi^o sourco of tl^ sMimi is n script 
vari^blo* Katsraliy i4s«t Jofeo o^dro aci oats ate ^ript variiAlos, 
a© i?oXI a^i .i4io brings hin tbo cl»:c^ (It cindLii bo tfei v^itor/t^iteo^ 
or it salgb\ bo t}^ boait/l^stW^)* So3:o scidtpt ^rt^bXoo tako de&Xttlt 
aoaigtsseiits la t&o afe<w:oo of oscpllcit isfoKMtipa* For ©loplot t 
vould aaii»o tbat tfco vaitor/i^itxcw brlago tfeo cfeBck oalcso 1 ^ 
told oiborvlt^o* Bat I wiuld r^idoa no m^mptiom uhout wtmt 10 aitm 
ttflhQ <d)B0aco of mjy 04«pllcit iafdxratioo* ^ 



\ " scam commas 

pattm goe^ to re^uiurmxt 
patroa oitts dowR 
patron rccieves ssciiu 
patron o'Hcto 
cook prc^roa ec^l 
ccaI io 0or?€^ 
. patron eats 
patron receives ctmck 
patron payn cbo^k 
patron leaven testaiiraat 



\ 
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SCRIPT VARIABLES 

bpw patton gets to restautaot 
who siveE-^roa ©enu 

who setvcB thk taeal 
vho brings thcNcheck 



Vjxun a 0cript--basc4 cxipcctatioa has been violated, wc can ^asslne 
tt in terns of script conataats ^nd script variablea to see what 
aspoeta of the cooccptuallzatloi^ are nost interesting « Assuming that 
varlatlon^^ ate caora Intecestlng than cxpectattons, ve can assign focus 
cti tha basif^ of script varlablea^^ . " 

« 

Given the question concept imBerlyieg Ql (Di4 the waitress ^ bring 
John a ctenu?) we ex^zdnc this . coac^pt ^ for ^script constants and 
variables* By accessing the restaurant script » j^e can determine that 
there ia a script cpMttS(C>hich correspoMs to John getting a xsi%^m. 
Birtjbenaorop there J&a variable coqponeat withia that constant acts 
the Actor« So ^cus le ' assigned to the Actor Blot» and a u>ncept 
Cospletion question Is generated by leaving the Actor slot ualcnej^« 

The sace technique con be applied to Q2 (Old the waitress serve 
John a hot dog?)* By cxanlaing the ;:estaurant script we sse that John* 
being served is a script ccnstac^t^^^libat John is served ^d vho serves 
bin are script variables. So ^ Concept Coiapletlon question is 
generated by replacing Tfce-^Actor and "Object o£ the PXRAKS with 
unteiowns* ' 




Q3 (Did John eat the itadburger) requires sone Aadditional 
procesalng* Xn iMa^^ra^a ^f^^ s^nd u^_B>oJd.ng for 

the answer to ^!^at^€iMJ^ ^^MBT^ut^^ thr ttsLi^iv^^ 

for a concept co^rrcspoi^lng to John eating so2?<ithing, we can^t^ind 
anything* Kow a very otroog c potation has been violated* John 
eating is a script constant* If there is nj{vthing In the story 
r^resentation corh^spondlas to this script coniki 
account for this/ unexpected ooiasion* tfa ni 



didn't cat anything* So to finally elaborate the 



answer the question 'lihy 
script donistant is violated^ 
&(pcctational question* 



dldn t John eat e 
we account for ii 



it, then laust 
jfst find out why John 
lawer t^ Q3 We aust 
abttrger?' t&cncvfii: a 
by generating , an 
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So can aov say when a Correction/Explanation elaboration 
''requires a Concept Coapletion or an fepectational question* And in 
t*!^ case of Jponcept " Taplctlon we can deter«ipo which coaccptual 
coEiF'^jiient should receive the focus and^ifesxNeby^etersalao which of all 
the possible queetions %dLll result in the aost aatur^ elaboration*' 
In effects we can find which secondary question will yield* the eost 
appropriate elaboration whe^ the initial xcup^uui^ to a Verification 
question is Ko* Tt^ i|a^bllsh=:ent oi focus in the original question 
van port of this ^n<fef and a scripts-based technique for focus 
establisteent ran .using the notion of acript constants and 

^-7 ' 
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script variables* 



Figure 6 outAlnes the flow of control for' a Verification question 
^th the Correction/Explanation Option. The initial raem6ry search 
tries to find ^the question cbncept in the causal chain representation. 
If an answer key is found with absolute credibility^ the aiiswer is 
Yes. If It Is found with lesVthan absolute credibility, "the answer 
is Probably* *If no answer Nkey can be found, we try to generate a 
Concept Completion question by Idoklng for a script constant with a 
script variable in the quec£lot\^ concept. If we can id^entlfy a 
variable component within a condtant ^act, a Concept Completion 
question is generated according to\he scrip't-based fo'cus heuristic. 
^ If this Concept Completion questipn can be answered we have our 

* elaboration. (Did t«he waitress -give John a menu? - NO. - Who gave 
John a menu?' - THE HOSTESS "GAVE JOHN A MENU;) If the question concept 
has* a constant ^ct but no variable component, an Expectatlonal 
question is generated and answered. /(Did John pay the pheck? - NO. 

- imy didn't John- pay thfe check? - VlQjlN. DISCOVERED HE HAD NO MONEY.) 

* If av variable is found but .the resulting Concept Completion question 
can't be answered, we generate an Expectational question for the finaL 
elaboration. (Did John eat a hamburger? • - NO. - What did John eat? 

- JOHH DIDN'T EAT ANYTHING. - Why didn^t John' eat a hamburger? - THE 
HAMBURGER WAS BURNT.) The retrieval processing for these Expectational 
questions will be described in Chapter Seven. 
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DID tHr%^ITR£SS GIVE JaSK A MENJT? 

question concept is: 

. ' . ' r-> JOHN 

WAITRESS <«> ATRAHS KENO 4-f 

• i ' 

Is quedtido concept In ^rlnary 

cha 



path of the causal chain? 

•YES 

\ 



NO 




answer: 
YES 



^ is question. concept 
' *in an' inference branch 
of the causal chain? 

/ v-1 • ■ 

YES V HO ' • . 

. • / ^ - .' ■ 

answer; / ±s the question concept « 

PROBABLY a constant act ijx the script? 

1 YES j • ^HO 

acsf^r: 
NO 



ticript coastantT is: 

A . JOHN 
MENU <--4 . 

• L< UJJSPEC 



URSPES <«> ATRANS 



is. there a scrlpfc variable? 
(unspecifi*ed iCoopftient) 
in thi^ cQ^tant.act? • 

" 1- 



YES • 



by ghost path genera t 



(branch A) NO, 

;l . generate an Expectations! « gefnecate a Coopletion quiistiou 
question and answer ^ J using the unspecified jcoaponcnt 

(*?*) <«> ATRANS 4— UESU j 

.d^pef^thls match^| ^PacVpt iij 
: — " the causal\cti^i?sll- 



YES 



HOSTESS <-> ATRAKS 



, / 

-~henu 



JOHH 

9 

HOSTESS 



NO (btaVch ^) 
\ 




geaerae^f>an acpectational 
question and answer 
by ghost path generation. 



answer: 

NO, THE HOSTESS GAVE JOHN A MENU. 



Figure 6 



m 
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% * - 

by tbftj ^ct that lba?.34k /4b'««jt thSsss t^cb dldo't ■ 

' *^ff*f oltSssorv 5esarl«9al, \A atosy tepscacatatloa 

dQ{^ aeifc readily lc?id itsjclf to q^stto^s ai^eet tldass 
^icb did aot occur. It also % f feia« t!afc . g^s* 
Ese^ctatioaal qsscstioaa ©ake esoxo ecAscftJsaa otfcsre. 

\ \ t ^ 1 
Qls Vby dlda*t Tord fccat Cswterf \ M ^ 

la a porfectiy rcaooaablo ^aaatloa, ' '* - 

Q2j Why Hasa'fc Cao^^a -declarei vat ^salast Kracicof 

aeeas to be a sUly qeastloa. '^t*^ U If^s^" tMa^ 
vuich doa t Jappaa care '^aa tjiaf stlser 
^ch doa't liappaa. do t^'^d^MiSsGialt rcasoe^le \ 
fispectatlaaal i?tasafcioaa,£roa cacSlasosable oae^ 1 , ^""'^ 

7.0 liteodactioa " * . * " 
^caalag ' to aatn^ /tb^/ Ite5,rcea ol reaaosa&lS«a^ 

«sed by SAH to aaswat. Ejcpcctatleaal qtici5tte?3 «tll bo described. 

■ i \ • , 

7. 1 Areu3ed E*poetatl«»a3 ^ ' 

PJfiaictlva Ja!^S!r-,^_atlXi2cc tfea- a^^:?>4 oiX S*!' 
cKplolt tEeoQ cjjjHj-t^tioas la order to catcb/tl%!#r«adcr of £ Rsatd- or 



m.J^^^« '^PS^ ^ abc^t.aog^ sash 

outccoQ. Yott dc aofc e*pcc' to hciSr aboot t% rcsu^^B 'of -S^isfA l&at 



tMn'tJ'"^'''' '^"^Pon^ ^ Equal Sigbta 

lowoe^d aad do mi rccei^ve ceascloa^ 'atteatioa; 
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Sjpposfi jreu toM fcfeafc JoW v&ntB to fauj & svaaior mi hts go^ 
l^if.' \ depastacH st-ot^, -gta yds caae you Mve sojsc cicpecmiooa' 
arbdut i*a£ Jo^-is gblfls to do,, nest aoi wfiat yon aighfe feoai^ ab^afc 
next: h& a^ght look at a store directoty, ask foe ^afomafeidn at a 
cownteE-'dr l^fos^tloa booth, edgiit go dlscctl^ fcha susater 
d^parteeat, v^jif ^ijese thlisgo t^y be'sldppsd taree aad jou alglit hear 
about Joha looklag at emuUt^ or b»^i»s oaao Ibeae are XKSlativeXy 
lo» level ^ cs^btatioas- «hich cos?s fcca a depaufcaaafe atetQ sc*ipt« 
Ihjy ate mot likely to cccate^ a ecasat^aa of SMts^aisa or atroag 
. iatoceot« I£ a atojty .goes op, loag eiioi^feiMSjr&ly setti^ «p a»d 
coafimlag l«r Icsri^ expectations;' ve.aso l^kblc^to fool bosed by it. 

^ basia d£ ka^redge about «oiadX A fetcas^oas 'asamt oC 

temilcdgo is ttSGd'^la stoty ti^lderafcmtdiag, inelt*di«g. kao«i<^ge aboat 
stciecot||%ic aituatlono, aoUvifeles, htsao Eeiatleasliijps ited 
. 5®* People havc^^ sc6p« of iiliat ia aojssal- aad xtktiae la tfea 
wjms "aad^e pro^cjp|sgX> kaci#lcdge is Jcespoaaible foe fespactatioBS 
.;arc^^ dua?^ uaibfataadins. Sc^lpfco pltos at© fea^^cSge 
atraetttcca vi&icb 'act ao pscdletivWak^isag ia 02dc2 -iolajeffate 
^_e8|^6*atio«s at the ,^trjS£ uade^atandlaga 



^cT-an €3^5:ta|ioa is not a^^iicMy subafcaatiatcd by tJsfe te«t, 
but i;8- i«^kly ". ^F0Et£iE3scd 'by i^sequsa^ test, it caa be lacoreor^t^d 
.iato m jacsory ifcpr«^t«tioa as aa ^Mreaso. .Ia£erescss ^ieh ace 
-^flvcd csjocfeaiiofia ^^i^ls'my age iafosreacca sa^c at tlie' tt^e 

■ of uadorstowifiog acd lacorj^ated ia tfc^... stcaoiy ropscseataticix ai*" 
«aEpl4cit concepts la eessosy. Eat «tiat cas,es of aa e3C|Hic^tJ«a/Wlch 
^6 v^latod by suboeijaseat text? lisoife are osly posscbiUties? 
Ci) Tbo stosfy repecseaiatioa coiild ealntaln a Record ^ oC failed 
cxpcctatioatB in s«ac mmes, .or (2) Htssed predictioos ^osld^ be 
igaopcd £a tbo coasUsatioo of the stogy ropecseataiioa sad tb**efoxe 
. ettectively i^ojcgotteao ' ' 

■ y ji ' ^, ' • 

> Tberc are cermaly soae ^iolatc4 rngj^ctatloas vh^W sssat bc^ 
iocorpoffated lato tfee atory Pc^e6<3ntafeioQ. if you ccad a ©ardW 
oys.toiry witli. a good t^ut to it, you ni^ht s&atabdt tfeiat yoy t^mhi 
\^ butler did it aad t*y you thotigfet tbc butler did it mta fcfee last 
' copter. Ia fact the twist s^y be a-j^cedceilnaat Ceatuce youae story 
ccpr«scaiation. loag . aftei' yoa'vo foxgottca libe chaxmt&t^^md tb© 
plot you flight rcacaber that ihc btsk led you down a clwW"" gardes 
path aiJd ausprits^d ywt .at-th© oad* . 

' ■ - -V ■ r .. - - 

^ So UiQS'e/ are aoac - capcc ^iloaa asoaeed at.-tfee' tijao of 
«mdecetaod|«g vkich ^houla i«scorpoifated . "la - the ^story 

topccseotatioa, IBut s*-'»^.U.aU C3^tatix?.;ia ibe recorded?;, Iho ayab^e 
of lov X^el';c»jsectatiotia^?|if^^fi?''i.iolgStid ^ a ihofft otoey caa 
into the huad^fcda very «sasily. -. It is bard to Vb®l*fevc tfc^re ?s aay 
good tcafun lor ptfms«3mm,^v&H violated c«pect .tidaa ' ia sesoicy. 
\fSmj'ritm^'mt^^M.m6m is ad. of|oet'". "to ^fete«^ide - «iiieh are 
.tforthsr oi^inclusioa to osaery ae^i nhict'W ool. ' . 
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^mt 'octe aspect of- ^ mch Saxg^ issiie. A t&e^/ry'^ijf ^gxt.. 
tmpt^micn inmi^hlf jsaSx claias about i-^t 4oes ^nd 
docs sot beloag ia t&e n^ty- t^ff^uentsitix^n for ^ story^ It is 
that tbere ats ti^sies^i&att a story reprcseatatioa ehoold ioclude 
iofora^tioa about the Judo^iBtoMic^, procoaa i^lcfe occurred the tjjrfe * 
jLfee^srtory xeasJ# Sps^tlses aa ex^tatiotx iss stomed at the tljs^ 
of imderstsadlsg . ia later violated aad reaeaBer hov 

5wsde t^o0g: aastGiptioaa* Js this a ^vitixtsX aspect of . 
ccGpr^a^iloat . ^ald aay tfaat »soseoae did aot cosprehead 

ddtcatl^e aov^ if t&cty failed to r^all feow tfeay had be^ Maiad by 
Itt I&e^ question aam^rlag task is a good'plac^ to look for criteria 
vfaaaever a probXcss arleea coaceraiag nhat doea aod does not belong la 
story r^^reseatatlon* 



?»3 /*xtats?erl3ig C^e^^ioaa about E?cpectatl^raa 
If ' ' . 

Jbfei vent to a X€&tauraat ^cttd^ ordered a hot 
^ do^* .Bat the vaitreaa told h^'^they dlda^t have \ 

^ aay 00 he ordered a haaburg^ Ijiataad^ ' yhea the 

hsssbtjrger caae it vae so "btarat th^ Joha left* 

• *~ 

Qi: Why didn't John eat a hot d<%? * 

Mi Because the vaitreas told hla they didn't have 

QZz 'Wnj didn^t Joim pay^he check? ^ 
A2s Becaua^t tte hasifaurger vaa burnt* 



Ihesc queatlone both ask about things ^Ich did not happen in the 
etory* John^ d^id |iot eat a hot .dog and he did aot pay^ the check* The 
queationa sees fo be aaklng for the cauaality behind non-eventa^ 
There la only om situation in which It makes sense to talk about the 
causalit/ behind so^sethtng that didn't happen; there muat have been a 
tlce during undcrs.tanding vhen there was an expectation that the act 
iia. question going to oc<mr. Ihe question ia then aaklng for the 
e^ht or clrcussslance vhich interfered vith that cbcpectation* The 
stronger the expectation » the aore sense the queatlon makes • 

If asked/^y didn't -John svia across the , lake?'' after reading 
the burnt if^burger story, the question makes no senae* We can't 
b^^in to anaver it since we. never had any expectations about John 
getting across a lake or going awlmiaing* If asked 'Why dldn^t John 
arder a salsai sandwich?' the question isakes^more sense because there 
yas- an expectation that John vould order soioething. Since there ':z.c 
no estpect^eion that he should order a salaal sandi^ich in particulars 
the qtmBtioti strikes as being a little odd {why a salaiai 
iland[t4.ch? )» But vhen asked ''f^hy didn't John eat a hot dog?' the^ 
question see»8 coapleteiy reasoaable since we at one time expected 
John to eat a hot dog^ As soon as the flrfst acntetice was read, we 
knei.? that John ms a patron in a restaurant, he had decided that he 
vanted a hot dogy and ho ordered a hot dog^ Given this lauch 
inforaatlotf^ have a*iot of'low level expectations aiout what will 
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happen next from the restaurant script • Knowing what normally happens 
in restaurants, we expefet that the order will be. communicated to a 
cook who will prepare the h6,t dog, then it will be served to John who 
will eat it, and he' 11 be given a check which he will then pay before 
he leaves the restaurant. \ - . . 

These expectations make it possible to skip a lot of intermediary 
information. 'John went to a restaurant and^ ordered a hot dog. John 
ate the hot dog quickly and left.' The second sentence follows the 
first smoothly pniy because, the first Set up expectations about what 
would happen next' and these expectations included ;johri eating a hot 
dog^ In the burnt hamburger story, the" use of the conjunction 'b\it' 
,at: the l>eginning of the second sentence is a warning device. J[t 
'effectively tells us to watch out for something unexpected. But 
something ''can be unexpected only if we had expectations to^Xhe 
contrary. Since John eating a hot dog was an expectation aroused when 
John entered^the restaurant and ordered, the question 'Why didn't John 
eat a hot dog?' is reasonable. - * ^ . 

J 

7,4 Answering Questions About Possibilities 

John' s investigative report oi^ the city court 
^ system was turning up some volatile political 

information* He -had received threats in the mail 
but he didn't ease up on his story. ' One night k 
sniper fired at his bedroom window. 

The processing for Expectational questions has not been implenejited 
yet for plan-based stories. But when it is, we would like to prodxice 
answers like: ^ 

Q3: Why didn't John quit his story? ^ 

A3: He must have felt very committed to his work. ' 

Q4: Why didn't John,,^ for police protection? 

A4: I don't know.,^^iaybe he didn't think it would help.* 

In this story we h^ve some slightly less stereotypic expectations 
concerning the behavl<^r of investigative reporters and the behavior of 
political people shady dealings. When we hear ihat^ John has been 

threatened becayge of his worjc, we s:ecogi;iize that John is in a state 
of danger. Wl^e we don't know^* exactly what might happen, we do 
expect him. /to either -comply with the threatening agent, to remove the 
threat or 4fo protect himself in some way. And ^o the questions about 
John quitting his story and ksking for police protection are not 
unreasonable*, it would make much lets sense' to ask '^Hhv didn' t John 
buy municipal bonds?' 'At, the time- of understanding we have an 
expectation about the John getting hurt and this initiates some very 
general expectations about his behavior. 

In the reporter story there were expectations ab^ut ^4iat was 
liable to happen in general. These expectations wei^e, not very 
specific in terms of exactly what would happen. We expected something 
might hapjJen- to -4ohn bnt we didn't know if he woyld get sho't,r'or blown 
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up, or If his home or family would br* -harmed. expected John to db 
something about Itr but ^ didn't know If he would quit, seek aore 
puolicity, ask' for police protection, or dig harder. Our expectations 

^^^l.J:^ ^^^^ °^ general' intentionaUties and ootivations riSither than 
..spedific acts. Suppose ite Had asked: F 

Q5: l^y didn't they tfirasten John. 

Q6: Why didn't tTiey shoot at lila living rooa window? 

Qi^and Q6'ask a^out specific actions which aay have l»cen feasible la 
the atory W^vMchldid not take place. Ihese q^stions are 
f^^idaaentally different ftroa Q3 and Q4 In terns o£ epec;l£felty. aey 
relate to gen'^ral. ppedlctlons laade the tlae of uaderatoadW but 
they go into a deeper level of detail concerniag speciac actions 
which are consistent with these general oxgectatlons. It la haedee to 
answer these questions since no vscpectations were sade ^Ich relate to 
these acts apeciacally. ,One is tempted to answer 'Becausd the itory 
just didn t go that way^' But if jou fcel.coapelled t& give a taorc 
cooperative answer you tty to reason 6at why the story took the tticn 
it did Instead of the one suggested by the question. So sight' be 
answered 'Ifaybe the ligh>. waa: on ±0. the bedcooa/ even though ther^^ia 
nothing explicit in the story supporting the nboice of a target ro&a. ' 

t. ^l«e?tion that^^asks about an event whici could have feakbW 
happen^; v,but which was not predicted at- the tine of uade'csiandlaR Is 
asking ^>^t a possibility. the j>races8ing required ,te answer 
quesHons ^about- possiblities is very different froa . the proccsalng 
required when a question asks about a s|je?Kl£ic esspectaUon arouacd at 
the tine of understanding. Queattoos about posslbUitlca require, 
^nferenc^ which were not aade . at uhe feiae of understanding. >o 
answer w|y they -"idn't sai^ aft .the living rooa vlndcw. ve susi first 
understand that v is was an option they could have ejcercised H& place 
of sniping at the bedrcon kladow. Since ao predictJ-aa woTe bade at 
the tliae of understanding outlining all the possible Wnya i^y could 
have sniped at John^-recogniaang t^at this Was an dptton requtr^is an 
inference which was not o^de at any t/ltie previou/s io 'tho ttee the 
question ^8 asked.' f>ice this .fscognltlon is rM^, m Mow 
question B^e& a e'er tain uoount of sense* Had 4Jc asked -'ISiy didn't 
theji offer John a season pass to the opera?' the question would fall 
to Bake sense since this is not r<icogntzable as a rfta'aonabl* plan of 
action f ^r people who are trying to scare John off. ' 

7.5 Ciasalficatio^/<f £)£pectatio"nai- Questions 

Ey„..I^'Mi!!f ^^"^ sections have diecusaed very gonerStly the' ways an 
Expectations! question can relate back to story rep^fesoutationfi. 

ihf^f ^^^^ '^"^ general classess (l) iUoee 

which ask about specific capectatloa^ which w«ro aroused at itee 
of underatandlog, and (2) those which ask abou^ peoslbUitlCB ^dthi» j» 

ieSS ii'^iSfr^Ji^." f Expectatlonal question doea^o,>.«««. 
sense, it either fails to rofcrsace a spceiflc expectWldn 3Jc.(ntoc« at 
^Ltl undQrstan/.lng, or it falls to specify a- p<aur4blo optiton 

within a general we^ect.uioa. Exp^^ctalional quoations asMng ^ib«»ut 



J??!!}^*'^? ?" aiCf€rcafelatn4 fees Btfiscw.tioaal «iijaaa«ss 
^LS!f ^ J ^snulecd to afts^f ihtsat. the 

IS^ f «^^«'*^^"«^Pte3' will describe the pcaceieing of 
Bee|c$^tioBgl qtseatioaa ^hich «ak ^bout specific espectatiosjj aroased 
th& tfasft ©f ifljderataiidigg. 

Whoa scsripi.© itto uaad Iti isj^etatafl^fcjg storias thsy ace applied to the 
sj^j^f in a auoagly pcisaictive mnscr fC^lHtsgJosd 
1976, I977J, As sMJoii as & acUpt sltuatioa hss besa xecomts&i. 
m^temm are ©sde coscsimiafj «ha& has t^kao place and pge^ietisjas 
ara «!^e ^o«t m&t is liable to hapjfen nmu fearlog that Jolm ifoat 
»c3taia^ ttigg«sffe tbfi sestaofsat ««sipt i^hlch tteo saiciss 
pe^lctloBB ^tctjt ^ha .IwMss for a t^i^, sltfeiag <fc4in, geitlog a 
caott, dccidiag ^<at to havei ofdesfag^ -§eias sVssvcd, eatiag, payiBk 
ieavli^ tba rcsta^aot. If tfec nsst piece of tejst eays that ioha 
ordered lobster, - tm previous pcedictiose up to th« ordering 
prediction becoae lacorpotated. ia ttm^siUsf roprcssatatioa as 
iafercacea &hmi viiat eusi. have happ«2usd h^tm&i Mt^ Rcixts to tf^ 
jssafcwaat e»J Jobs ordQjriog., latfereisees are fsde about .^ofea loaidtjg 
£cr a t^le, Htidii^ otm, ffittiisg dos®, getting « cMmaViSfid decjdiog 
«attt to e3t*» , , ' ^ ~o 

^Jhec«¥er a scUp£ 4s. trl^es^ in tfce tt&derataadltsg process. 

apeclfic predictSoaa aro isOi^. on ifea hi^sU of the gtsreotfplc 

kPOMled^e specific to iha aiveo acfipt. Scripts are by dafiaition 

feaowlcaga atructiares ot . highly ae^<?ii:ic e^pectatieaa. So 4 

ficript-baBc4 predlctida &®i8 at ihs ti«c oC text tajderataadias idll be 

a very apeelCic coBce^taallsstiea ' (e.g. ilta gas asatie?s afcteodaat 

laSjas thd cap off the tsakv ifes ©iesk ia tbs sroeery store pata 

rf V J^*^ SP^pJJfJsed la a ths ualtreas briaga a chssfo to the 

^™fL' ^K?^f^^^^^?^.^^^3^^^^^ll''i&f^m frea the so&t 
•fMnnlr r^^ih throMgh-a script. " / 

Oevisttoa ftrax fch© default path of a script csa ' ^*!saa a 

scrfpt iaterforos:©^ is eacottatored. tn this e«eat, esilie* 
predicUoas isede b^- script spplia'r bscosg obgolei© aj^ sssv ba 
oNjted^ by a ''set of predlctioas. For ex^aple, "Joha otderfed a 
.fe^burfe«?r, results ia & psth of predicted coacepis tisfefng John 
t&rotish the rcasisdcr of fehe restaiareat ©cript. laeluded la thia path 
*o£ presiictlojss ar^ coecepttaalisatiea^ for tha cook prcparlag a 
l^sbtirgfitf, Jshs heiaji msy^ tks haaborgae, aijd Jote anting tfea 
?iS3barger, gut aep^ga jfe aosi iaptji sootaacs is *The waKter told 
Jolm tha^f dida*t have hssibargars*' Uau all the psevioua prcdictlocs 
8*o«t a hsss&argar are readergd obsoiet®, Bas^li^ beea told that the 
mitsttf^t has a© hjsabsBegera, vs 00 Xoagee ©rp«ct Joha to get eaa. 
•me ©ia predict iops are ihsrefor« dise'arded a«l nm predlctioaa are 
loaded accfifdicg to tfea tatpeeiatioae ©f the ®c£lpt, Isj this easa, t%*o 

sctualit|f ihsr prcdictioas aad iafere^es lAieh miAd bo sade hare 
«re aocft tscre atsseroaa. a few of th© ssjsr sjaas are d«»liaeate4 h»r@ 
artly to- Uluatrato ths lafsrencc procesltsj^. 



Qii£xy ftca ' there; altetAdtiveXy JSha nay decide xWave^ .the 
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John w«nt^ to a teatasirant and. ordered : / 

-hasssburger*/ Bat the waiter tt>ld hla they didn^t" 
^ hmre any so John le£t» ? ^ ' > - 

Ihe final' story roprolaentation' : for this «^9uld be a causal, chain 
containing coaceptuaXi^tions for John entering a reatai^ant^ fitting 
dovs^t ordering a hmaburgert ,hein$ Cold the^e vere. none, and -leavings 
the ^tbry* repre^enta^tion vould have no record of the expectations 
ifeicK «iere ^reaent in\he system J^iat before the pr<?ces8ing of the 
second sentence* Ihcse ejqpectations v^re .itff^^tively ' forgottefi' when 
t^. ^ystm . revised its ' scriptal pr^icti6ty5 in the coturse of 
imSerstaading the second,, ^senitehc.4St^> 'forgotten* here la^ans. that no 
record of theipe predictions was entered into the story cepreseatation. 

1- • - 'i , - - . ^ , 

J?ov suppose ve wanted to^aasv^r the <ju^stioA -Why didnTt John eat 

a harsburger?^ Tr is <|uest Ion only nakes sense if recognize that tlie 

concept of John eating a hamburger was an expected act at some point 

durintg ; understanding* But hov c^ ve ri^cognize ithat the question 

laakes sense if the story representation has no record . of the failed 

expectations? Ihis questlon^ cannot be answered unless the question 

concept can be related li^ tha story repi^esentation as au act ;^ich 

^uld have taken place if 'only (soitething) hadn'^t happened- The 

question requtt'^ rn.hat we Id^entify the one cven^^ in^ the story , which 

vlped qtxt bur expectation that John would eat a hamburger. If We. can 

identify the concept resgonsihle for this revision in expectations, 

than we have 5in answer; ; ' 

Mhy didn't 'John eat a hamburger? 
Because the waiter said they didn'^.t have any* 



, 7* 7 How to R^aember Things You Forgot 

While it ^ is useful, tp know that answerable Expectational 
qttestlonB ask about ^^Hed e^cpectations oi; possibilities which were 
alive at the time of understanding » we still have the problem 
answeriiCig these questions on the basis of a st^ry representation which- 

. has no history of failed expec^tations or Mtemetive outcomes«_ We 
' hav6 *^escribed two classes.of . why-*; ot questions ^ those asking about 
scri^ ^-iSascd* ^pb'ctatjons jind^l^n>^e asking About plan^^related 
possibilitie£f« .In t^his section, we will describe d'^^retrleval mfechanism 
Ctfr answerihg why-not questions itbout script-bdaed expectations ♦ 

. Given that a story xepresentatiiDn does not contain all failed 
iov^level .expects tionS) a process is required ^ich can reci^nstruct 
those failed expectations whlch^ywere alive at some, point during the 
ui|der£^tanding procesn. . ' .li ^ 
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7. 7*1 Ghost fath Generation 

L something is Xost, it is reasonable ''to start looking for it at 
the place where it was last seen. The same idea holds when trying to 
refcovei a lost expectation. We must first go back to whenever it was 
that we last had the expectation. While we can't turn back time, we 
can pretend to go back in time by reconstructinag processing states 
which occurred during understanding.' The past processing states we 
are interested in are those which involve changes in the predictions 
current at that time. 
\^ 

When ^n expectation has been violated, it was last seen alive 
just before it was replaced by some other expectation. So if we are 
looking for lost expectations,^ it makes sense to look for them at 
those points in the story where there were shifts in the current- 
predictions, where one set of predictions was replaced by another set. 
We need to be able to examine the story representation and find points 
in the story where predictions were revised. 

When the knowledge structure responsible for comprehension is a 
script, there are some,„ general script structures which reflect 
. predictive shifts very simply. For example, script interference 
points are always places where script predictions are revised, A 
script interference is an event which is not normally expected ii^ a 
smooth execution ' of the script, but which is encountered frequently 
enough to have stereoti^pic ij^esolutions within that script. If John 
goes to a restaurant and is told he must wait 15 minutes for a Cable, 
he has encountered a script interference. Fifteen minute /waits are 
not always assumed when one goes to /a restaurant in genqraC but they 
occur often enough so that there are standard courses of ac.tlon from 
which to choose when such an interference Is encountered. John can go 
to another , restaurant, he can stand and wait, he can go for a walk, 
have a drink at the bar, "or slip the maitre-d' -a . tip. These* are all 
stereotypic resolutions when one cannot be immediately seated at a 
restaurant. ' t 

r 

Not anninexpected- events ¥fe script itlterferences, even if they 
interfere with script execution. Suppose .John goes to a restaurant, 
and. when he orders the waitress ignores him, opens a Mble, ahd 
proceeds to read fxdm the Book of Revelations. This is an unexpected^ 
occurrence from the point of view of the restaucant script and "it" 
intepferea with the script. But since ~thi8 occurrence is so 
conjpleteXy removed «>froa the restaurant script, the script cannot 
suggest what should be 4oae in response to it. John wili have to 
resort to pldn^ in order to figure out hpw to handle t^se atraage 
behavior of the vaitress.- If John encounters this situation very 
often he will incorporate it la his script m^^an liitecfercttcc -polat 
mo«t^nf"^„^ whatever reaoluti^iio he has Is^-xaed to xtnm^ with. Bat 
most of us ^o not have this interference lii our rostaur^t^cript. 

c^^.v.^*^'^^^^ interference poiata arc Important ^jesauae th&y are places 
where script-generated predictions are rcvlsfid. If jJha goi Z l 
?is a baobur|er, a^e restaurant script 'prodlctn that 

prepare a hamburger, John viU be served the haaburger, h. will eat 



it, be billed for it, he will pay, and leave. But suppose John goes 
to a restaurant, orders a' hamburger^ and is infomed that chey don't 
serve hamburgers* Now we no lo^glar expert his waiter/waitress to 
relay the hamburger order,. we do not expect the. cook to prepare' a 
hamburger, John is not expected to get a hamburger, eat one, be billed 
-"'for one, .or pay for one. ' Being aold that you can't have .what you 
ordered is a point of Interference in the restaurant script. Its 
standard resolutions are ta order something else or leave. As soon as 
this scrip^ interference is encountered, expectations about whatsis 
going to happen change. 

When the script applier is processing a story, it recognizes any 
interference points which are encountered. Interference points in a 
script are labeled as interferences. Their corresponding resolutions 
are also tagged accordingly* So when a script interference is 
encountered in a story, the script applier caif easily tag it as such 
in the story representation. For example,, suppose SAM reada^he 
following story: ■ ^ 

John went to a restaurant and the hostess gave K£m 
a menu. When he ordered a hot dog the waitress 
said ^|iat they didn^t have any. So John ordered 'a 
hamburger instead. But when the hamburger came, 
. it was so burnt .that John left.^ 

-* 

The causal chMn representation looks somenhing like this: (in 
reality there are many more states and. acts) . . 

Joha enters restaurant 
John Is seated ' 
John gets a taenu from the hoatoBS 
John ordera a hot dog 
(II) The wzjltress tells hii thy don't have 
(Rl) JoHa orders a haiaburgor 

Waitress serves John th^ haabiirget 
^ (12) The haabuieger is burnt 



John gotfi aagry 
(SZl — jQhs, lffiay.en shut ri^Hmrr^ai ^l^r'^^__ .. 




In tMe story tl^te ace t«o liiterfereflce/sfc«9loiion pairsi tte 
wjltccas telllag Joha tfejccs iice ijc te»fc dcge Is eea«lv<^' by otderlog a 
liaabttifgec myJ the Itaisbtigger beJsg poorly psejsarcd la cenoXved' by 
lesiriiig, l[hec'' ialoirfereiiccs aod cetrcspoaiies ssajlutiosui 'ae© tagged 
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as such in the story representation* ^ ^'^ 

• ^ • . \ ' 

mexy a why-not Question is subsequently asked, we can ^ea8ily 
identify those poiiits in the. story representati6as«]iiere expectWions 
changed during understanding • We need ontlfy look \ for 
concepdualizations ii^ the causal .chain which . arfe tagged as 
irjterferences* At each point if interference w^ know that a ^ew\ set 
of expectations was genWated hy the script applier^ The next protlem 
is the reconstruction of expectatipns which were alive |^rbtr-:<^efiore 
each point of interfererice. To reconstruct these expectations we Xst 
simulate to some extent the state of the jscript applier just befbre 
each interference was ericountered. 

To simulate states ok the script applier, vj ask the script 
applier to process anotheb story* We want ^ know what, the prediction 
queue of the script applifer isr^^en it understands the original story". 
up-» to a point of intetference but no further. To^ see this we will' 
effectively ask the script applier to process the story over again, 
but this time we will ^bnlrgive it a truncated version of the story 
whicn cuts ofJf just before^ an interference point. 

To see what script predictions were alive just before the 
waitress told John there were no hot dogs, we will feed..back to the 
script applier the causal. chain from the story representation up to 
but not including the waitress teUling him there are no hot dogs. The 
/script applier , is asked to*^. understand this sequence .of 
conceptualisations as a^^ story. When it is done processing, it has a 
predlctioa queue and is ready to check tlie next input 
cinceptualization against this queue. We have recaptured the state of 
th?, , prediction queue as it was 'at the time' of Understanding just 
before the sentence describing the waitress' response to John's order 
was encountered. i J I 

I 

Part qf the prediction qu^iAie consists of a default path through 
the remainder of tk. * script. Instantiated according to what hai been 
seen thus far* That is, the script r.pplier has predicted what is 
liable to happen now if the execution of the restaurant script runs 
sidoothly from npw on without any more surprises. Given that John 
ordered a hot dog, the script applier predicts that the waitress will 
.gi>£e,that order to the cook, the cook will prepare the hot dog, the 
waitress wilX stfrve it tq Jdhn, John iJlll e'ab it, receive a cl|eck for 
it, pay for it, and leave* The sctipt ^applier can generate this 
causal chain cojijpletiQg a default path through the script on the basis 
of prcdictiosiis its prediction queue* This script completion chain 
l8 eall^ a ghost path* Each g^Hst path generated by the script 
applier 1b a causal chain along vith a polnt^f* to the place In the 
oi^lnal stot^ ' representation where the ©hott.path starts its branch 
frdea the actual story* ) \ 
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the vaitr^90 
e&tv<!0 John 
a hotdog 

John eats 
4./the hal^dog 

John gets 
a chock 

Johtt pays 
Joha leaves 



<I1) 



(Rl) 



%2) 



(R2) 



Johs mitors 

testnuraat 

* * 

Joha gets a iseott 
£r^ tba Iu>0to8s 

Joha ordcur^ a 
hotdog 

Hic vaitroas toXlo 
bin they doa^t 
have any 

Joha orders a 
hanhiurgor 

l^alttGos sorvcs -J^ba 
the hamburger 



The hacaburgar 
Is burnfc 



John gotiB angry 



John loaves the 
rcstrm^aot 



Figure 7 
First Ghent Path 



pr^l^ctioGQ/ijbi 



£f ve want to 8oe the prcH^ctioGs/Wbich were allVG \mtx before tho 
haaburger case back bural^-^ go thifough tho ooao procedure. The 
cauaal chain up to tho point of the haaburgor being burnt Is handed to 
the script appllet to be understood. «hcn pcoccaalng Is finished, a 
ghost path vhich c<r ^ietess^rlpt Instantiation is ^^aratcd. Ibio 
ghost path eCfecfcivcly rcc^rtC^ff o^fpoctatloes vMch were aiouoed at 
the time of story understanding but eubscquontly rcvijjcd. 
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Joha lasted 
Jb!si or<ier0 a 



(XI)* The >^ltroii5 tello 
hies i;li0y dcm^t 

f&l) John crdmrs a 



\ 



Cll) The hjabtarger 



(R2) John leavoa 



John ca^G th^ 
baabutgor 

Jo la gctir 
a ciicick 

Jotm paya 

John loavoa 



Joha gatu angry 

V J 



SecccNi Choot Path 



l.Til Using (%o0t Paths ^ • 

* * 

(Mce gfejoi ^tha have been gqacrated^ tt^ proceaalog accScdNslto 
annwcsr oq>cctatio(«a vhy-aot qaaatioaa is fairly tralghtfonrard* 
Given a gfcaot patbt vo ifecalae it for tbs qtiastiou ccmcept 
(aoft»a<?gate4)* iSica^ tba qisastloi:! concept la Xocated,> wa foUcn tbs 
gfeost path tjfp I a Ita origin ^ere it braacbea off of tte original 
atory repre? atatloa# Each such broach occura Icjscdlataly before a 
Script lalei .^reace# the aauver to our H^cctatioaal qt^atlon In that 
Sssterfere^^o c<mccptuallxatioB» hx thin vay \m caa rfadv<*ri 

• ' # 

Qli Vhy dlda't Jofea t^t a hot dog? 

hit Because the waitrea^ ti^d John they dlda^t have «ay 
hot doga. ^ 

I ' / 

Q2; Hhy dlde't Joris cab tho -Qiaaburgcr? 
A2i Bcca«3c the haabucgcr %#a8 buret. 



la the event that a match caa be made Itt more^than one of the ghost 
patha^ we trace the most recent path (the path Whose branch f rom^ the 
atory repf esentation occurs closest to the end of the chain), back to 
the branching point and subsequedt interference* So the question: 



Q3: Why didn^t John pay the check? 



would be answered: ' 



A3: Because the hamburger was burnt* 



i 



When SAH answers Q3 a slightly more involved answer can be produced: 

A4: John was angry .bccausi^ the hamburger was burnt and 
so he left* 



This is^due to the fact that paying^^^the check Is a pure script 
constant while eating a hamburger and^eatlng a hot dog ^are acts wh^ch 
include script variables (see section 6*3 fc: a description of script 
constants and script variables)* When a purja script cons tan tJ^" 
has been^ violated, more explanation is needed than when acts with 
script -variables aye violated* If John didn't eat a hamburger, it is 
possible that he ate something else; the violation of the concept may 
be restricted to the instantiation of the variable component* ^But 
vhen Mohn* doesn' t pay the check, there is no shift in a role 
instantiation which could explain why not* So when a constant act is 
encountere4 as the concept underlying a question, the retrieval 
heuristic is instructed to piece together in a causal template an 
answer^ including not only Ihe interference* (the hamburger was burnt), 
but *lts corresponding resolution ' (John left) , ahd any intermediate 
mental state changes as weli (John was angry) • This retrstfval 
heuristic is controlled by the Ment'al Sbatjg Description Op^fion of 
Content Specification (see' section 4*2)* ^ 
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CHAPTER 8 

FINDING THE B^ST ANSWER 




Some questions can be answered with dlffercn 
answers, e,ach of which is right and majces sense*. Vbt4n 
a memory representation contains inforraation ^oti "^ny 
potential answers, retrieval is more complicated^ The 
situation of. multiple answers arises very easily. 
Even in stories wliich SM can understand cocjpfeteiy on 
the basis of scripts, we see how one event could - be 
explained in terras of multiple causal* -antecedents: 

Q: Why did John wash dishes ^t Leohe'^B? , , ^ 

Al: Becaifse he couldn't pay the check^l ' - 

A2: Because he had t,o ijoriey^,* * ^ 

A3: Because he was plckpockefed on the sut^way. 

How is. thte memory search going to diacide vhiph answer 
ihould be returned? , Should rettleval Heurlstios'be. 
aware of all the possible choices for an answer? ' Or 
should the mehioty search somehow 'know', ijiiere to 'look 
for the. best answer and be H)blivious^ to other 
possibilities? If a heuristic is* a^d^re of many 
answers, it must be ablq to make £^ choic"^. What tules 
can be fomalized^fp.r finding the, best answer? If a 
heuristic is blind to^ 411 but one answer^, how can ye 
be certain it will see the best one? ' In this chapter 
we wil?. exprlore strategies for finding ^ l^est^* answer 
and discuss issues of memory representation which afe . 
related to this problem. 



8.0 Introduction 

Why-Kjuestions are difficult to answer because they often 'have 
^any answers whicW are plausible, acceptable, arid appropriate. 
Sometime^ one ansver is clearly better than /another, and- a good Q/A 
model should be ' able to discern 'which* answers are bet^.er« Mhx^je 
^examining this problem, we will assu'rie we are working witH a system o*! 
cooperative and holiest intentiona[lity. Furthermore^ we will ^esj^tlci 
ourselves to the domain of story understanding where ' question 
answering is. used to demonstrate C(>mpr extension ^. these assumpvlons 
will provide a useful base for^a first pass at the^ problan. Given 
this orientation; we will say that the best answers are those which 
convey tb« raost relevant information in the Juost /efficient way. 
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^Sed to m l^yt ?Si«n^^fea l^t tM hm^^ he 
thanJccd /tM driver* Be took otA^i^y " t|> 

liocmo's*; Oa tlm*«ubvay hS« |>octet '^5 picked* Bs % 

hfe coulfio* t pay*^ tb« w^oagCBCQt tola iila lio wooXd 
feavo ^ dishes* ^iSiea bn Xeit»'li«t c^n^lxt a 

Afteir SAK %a*^ stoxy\ .SAM aasweiss , , \ • . ' ^ 

, " . ^ :^ , * " 

^ . ^;j»y did Joim v<slj djlg^s at IsoR^'at 

• As -Beca^ie^ ^ %&i go. "ttoasy* 

fBFiir«ft«S,,«wi^ aasfepi-^atti^^'iV docafl*t cctwej? iafoiaattea 
Which tbe q^5ti<&ea&rf3^.4s\r;;i^g", f ^j8.ttg<sd foe felssalf. A. pauca 
vtsMiJS disTioB in •& c;eawjt$®f.t ls_^sp *£icijity that belag tmi^ie pay 
th&- check i?,^ i^^sdfiataji^fcreace.l <^vea i^t Jotei cc^iSo't p«7 ifee 
thcckre ,l|,is.bSfVl«m« tha| Joha did acft'hsvc aoy (oe ei&st^h). ao^ey* 
So *Qy6eie vho tbi^i" Joha i^l^ed dishes At leoto^»'« esasi ,ftl«o iaoii 

by Inr^rencii thai Jteh»'pEe|^j? dlda't have any aon«y« Tr particulcts,^ 
the periSOA aski«g Qi &s«it/iaiioiS^^ib;|i^^^ • . . 

. , 4^\ichh«fctcr aa^t- «ei^d« W 'Jofea <*wi5.-r^. pg* tfea check, 
heci&tMe hie p^dtet iraa ...picked Ihie uaewer cotnrsys a.- lot 
l?iJ^oma^lba; 'By ineesfcfice it tells «s^ ;?ifeat 'iloha had *i» isod 
thetefore shix sanagmeat o£ the «i«t*sa:«at' sssda hia'vaste dleba®«, It 
copsaajlcAt^o Entire cam^^ «^ala i^ich. stsEift ^it the pickf -Jikat. log 
and* ends'^th Joba cashing dishes. And sieco pars, of, tfc« CiJ»a/-I cfeJfiQ 
(John having no aonoi! «od aot being able %o pay) Is , e^tstly infarecd, 
t^to anauft?; ha» -eoeK^lcatftd iaforsatloa votj? effl^Jteatiy, ,: .' 



Aa 4mswr ^ .^h com?ey« infortsnjiioo • by> 
lii£^ces}cc .is ptofetible lo o?so{v^.4ch spoils 
out such inferetieod (usptlcitly^ 



Thoi?;^ lafortraces ato 'ls^cdi4to'' mcA 'ob^Jloas*' in tho th^i f>€Oplo 

have tto ttbubla mklng thea. « the istual p. which pt^sdoco th^se 

inferciiCM «ro far froa trivial or obvious, \ 




&t thl^f ^hspbeis! v«ji will p?«^ist Qtiaw^ir solectiooi: m^^l «^;cti 
ccmsidor aliettidtiive ajiproacti^s Im^lv^itig * auaiogi^ for fc(i0wledg4. 



^ Oae-4?proaeh to dmraeteslsJUig the beSt 40^^^^ in. to. 

qimstion« a^ retpms tlie aimv^r ilm^ given ^^st*, . 'Saeh ^ a 
procedW^ wiJJL ^havc to charoctatise lit©, mp^^ts it is^mia^m^alcag 
various dl^aniio^s ami s^ecute c<Ksparisiaad o£ ansvars ia G^efiet t^ s^oka 
a aboicei ' ' ^ 

forced to ftsk i^at ai^snt^ of m atisi^t ibposfeat* 'Siaa ^ jsmpi 
loraaiise thosa ct^acM^riaties ihit^h ititaiiivaiy siim t^o jc^attliiita 
to tfia stj^Qogth or i^dlsacsa oif aa a^si^^ ISsa j^odal^ to M 
daacfibed 3S?pres2*nt3 a fi^at atitapt iii this dlre^tSdn* iJhiia it ia 
^dt the'^ca^s that thi^a aiodei wpl aX^^s p-lck ttm hmt aas%^^ £roa any 
set o£ poaslbXe aiisv&r0« aaou^b Mad leatned £s:^ ^ to pjci^tass beyot^ 
tb^ aotloa of an^#^ scaectlon* ^ \. 

S^i.l'jlHifiaitlotis ^ ^ ' >-N. 

Data Coat^xt , 

m mm ■■ H ii ip ■> * ^ 

Tha Data Coal^xt (DC) is tha atoty tc^ptresaatatlon t^ which a 
<ltiesti6ii rofera« * • 



Is^dopoadeat of l?iita*Cfegt<53^t 




Aasv&ra to qs^aatioi^^n^aa chacactecixad sa beJUsa Xndcpeodctit of 
l&ta Contf^t <I^> ii they ara quavers ona aight rca^nably ^ue&§ 
i^ithout foavipg read any story ia conacetjU^a with the question* t^jcsa 
are aas^ars people cooc up vith ^aa ask^d aa drtiflcial qi^stioa out 
of tha hXi^m • V 

c 

Why did Joha aee a doctor? 

IJhy did^-Joha t^l mitten's 
A? Joha vaa tirai* OttC) 

Sq^ltaltly l?flpaadent * ^ 

Aaai^ra vMch ara derived Stm^ the ftata &?ata?ct by befci^ 
^plleitXy present la tbs totta Context aro feplleitly Bspe^^eat 
oa the Iteita Coatext* 



\ ' - - u X:' 

Answer vUich am desived £sea the SsaS« Contest by appl^eg 
i«(f<*se«flc6 jtec^saaes .o the =tata C^G&ejiLt ate fe|»liciay ISe^sdmit {in) 

\ ' ' 

. mt| Oiie HSm&j^ S&ha aotlced tiat his dcjj i^s ' / 

• bavAjjg «amt»8. lhat aftetcoorv Be 
took Ht t» dia vei^- - - 

Q« Jiy #4 ^fe* -talce his liog to ^ vetf * 

As 'Jt i^s stck OS iitjjtc^ txec^ 

A; It ima havJas trbub|ic <20> _ 

* took his ^l^lt Jto fclm dentist* 



Qs miy did Jofea M§ i.rat^h tim deatistj 

Ai iEhu dientist fixes oM ^t^fees* (SO) 
^ A: i^nt€4 to a^t Mc^^mteh fixeS* 



i^tch» Ihe deatiat 1^0 lived a^mt dodt ^ 
fixes i>id i^tol^^ for a msb%* Jfolm 

As tinted isake aa ap^iamejsfe*. W^i 
-kt Ite had bsoJusa the t3al39S|sel«s of his ^alch. fBO) 
As !rhfi deatist t^m old .^.tches* CSD>. 
As Be vaated gat his va^th fixed ^ 00| 

5St4? Ono dayjoba broka the maiaaprlag of hit 
watch, tfe took it to the Icweles's to if 
they voald buy It* 

* _ 

llhy did Joha tako Ms ^fcch to the jLsles'al 
A? It V33 brok«a (JSC. ED) 
As H6 had b*rokcn the ealnspfing* <S5) « . • 
As Ho vaoted to «ce If thay vould buy ijt. (SS) 



* ' ' I- 

liav« his. tsabri^la -wtti -.to. 8«! fcsfeabcrcd- 
♦ Jfli9i tiayii^ %% Si the * eaiat^caot fej mat, 
to gojc i«ach« John ^licd <>vet to fcha rS^auraat, 

A? %i mns^d to g&t iKsaBUiiiqa to cafe* CllKJ) \ 
As .-1^)1 »^iite^rl:q fiii<i his- ^1jsel-l,a» C-IBJ ■ •» 
Aj last had Ms lElfeteMa. ^t, ilm 



..v-.^ 



EC6t 4ohat sot^ tliree ^'''s 0!t his t^i^rt card> Ife ^ 
detid^ l^o shd^^t to his panreats* # 

cjatd to Sis jijottts? 
At Bis gta^ei warin* t good f^isNaugh* (ISC) 

l^m s«wtc^kldd^ off tlio^toM* Ati\!m 
1giceix0 of fcte aeddqsit Jotiiv m^ie^ «a oil 
stick c<?^/orl% ttet |>avmenU^^e& a. 

the dtivet* ^ * 

. 4 

lihy Jofe^ i^^yit^ at t!io tastlt - 
At Jotssfe ^xit«^ a i£Mo. (IDC) 
A: Jotia t^nle^l to ptev*ODit it f trcsei sMddlttg 

off tHo tp^*^ (ID) 
ki Jolm ^mntc?d to utop ti* (laC) 
At jpfei ttryitij? to Mgtt^ tt^ da^iver* <B0) 



tt> the iott to ytiich titsy t^ifor* loll^iiiiig deflt&ltions 

chatactisri^ ajisi^r^ in tot«a of thoir coacioptusl^ coatoat lii^d 
rsiationsMps to other misvsti** 



tSlvet^tvo Al mi A2t Al la ^td to la Causal 

Ant^o<:daat^oif A2 Iff tt askc^i semtm to my. bceauso Al#* 



is: 



-Iiii«o.tional ^ Co ^ iM5u i^cj[»ant . .•>. ' 

fitvch tm mw^^t- Al and A2, AZ in «ai4 te-' be an tntrnticaal 
Coosequant of Si t-f^£t - ' 

I) A2 le of ttte fern *K wanted tv. r*o <Ci> 
J) At is of- t}m -i^m %■ VSty ' 
. , .3) it tsakes mm& to- «»ay » 

^' *S ... ^iii>/.. 4ft ordoi to i,* <Cil 

. Clvea %^ msmxs* M aad M,' A2 is si ?4.ati Coiapottcnst of Al Iffs 
1) Al is oC lfis torn 'K waotcd <C1> 
Off *S tkHH^d {Ci> 
• 2) It-mak^p sfrtsa to aaf - ■ >>\ 

: <Ai> afid JC ktt*a# that ... {A?> ..»' 

\ . 3> X ia not Otst aclor of A2 



tSfo anavQTs aea.o&ia to ba ConalstQUt^iCf each can readily be 
Inforrc^ Jicm iba oiMr la tija ^Ivea Mta, Contest, lot essaajsle, 
E<5, Jofea i^ntittg" to fiTtS* ttabralla aofi JoM «aati»^ to get 
Soisething to eat ate not Consistaoit ansi«sis. But In^Pi John's mich 
bci«R htoW» and Jobs mtttiag to. get his tfiitcliu-lfeSea are Consistent 

An enavfer, Al, is said to bh Jfetive Oeiteotcd iff 
I) Al la^tiot of thft foipa siaoted afea 
2> Al describes an activity or at^t'^ «hicK strlctlv . 

pcceedejs ths activity or state of she (jjiaatioa ^ 

concept In tlea. ^ . 



8.ip Solcctloft-Bidcft 

folioidisg mXm ate to bo agpiic^ in 8uc/;ea8tcn. At tha «ihJ e£ 
mm 3, a t$*^tative aa8«>ar (tA) has beoi^ picked. Ihc tentative, anmfec 

be chaBged by ftUISS 4-6. the taatativo ansmt bcceaoa tho Jln/a 
adsi^oK ooly aft%t the applicaaon of MLB 6 Is cc^4>leted. 



i 

I ItJ'a 



An lOG la the preferred ammt only M, there are no Kr»*» or 



/ xtttJST!uetioN OF ms It 



!£• tm are tola Ift a stoiry that John almp eaia laUfttta ok Italian 
Testauran£«, and mist then m$mt '«h5f d|d Jo.hr» ordcc Issagna et 
Iccflo's?' An tnc aasvmir is 'Baeauoc ha vawied to eat lasagM.' A nueh 
bettor tesponsa Is the ED shoiftsr 'Bcc^^iuac ha always ham la&&g(iA «t 



. ^ ^ Aa lU i6,|}ce£«sirir«4 wer W*n only tha queotion haa nt 
ieast one and rft» W is tioi ccnslatent with ttm IfKS's, 

musTSj^TJOH o? warn zt 

■t ' ' ' ■ . 

la S£ 5, we hayti All Baesusa fes «a«l«a ta find witiifella. 

A2s iac«<ju86 h& last he^i his ua^rell^ at tha 
■ - «8«ta«saafc« - ' :^ 

A3s Mest^ i» Vented to get sa^otHiQS ti) ' 

eat. . 

* 

A3 ia ICMJ^ AJ is m ao4 A2 te m EO^ Al is pr^fcrr^ nUm M 
AS Hire lioi eonslstctntf * . ' / 



Given fl ehoice of E»'^» fi«8t elialnate those «tiich ace 
aiso icc*j8 (these aea ttie Umt Inteecstlog aUwers). Hoxt 
teat to »e4 if Char© ace mt HoWvo Oriented CD's. 
E|.i»it!atii tMm* "If -lhera ta 'atll4. ,<sho|ce, cesoxt to RUtB " 

3s* • I . • ^ < 

.•-'•v.- - • \\ ■ 

' . - . , • . \ / 

•'2rt EC 1, t^; have Bt»ls Because ha had teoljon thtf «ainsi^el«R \ 
".^ • * of 'his v^tett* , , . ^ A 

' Bf>2s Because tha dt^flttst ti%m .old uiitchee. \ 
.;v ' . " 

Sittco KrI la t3otxv«s oriented, K02 lijltft proforeed tfhaimt. ' - 

Gtvon 4 j^^i^e dfjgi^flist eliminate theW ^'s wh^ch ace 
al«Jo IDC'8*^!rext teat each EB by scaovlog its explicit 
conctspfc- rtca the^-^ta Context. 



•Hie ED In <tim&|t,ion 1© the. beat answer l£s 



(a) The rmrisedlCteta Contmei ^al^o no Mnse^ or 

(b) the tfl^ised liau ContWt gibnc^rnteis an XO ^Meh 
not cdtie^ldtoiit ^^ih ih6 apt in <{iiaii&io?f* 

ItiVStrtATIOll OP 3a t \ 

tti £X4» H^<^,BOlJt Bd^ausa he hod broken thij^.i^ai^spclng^ 
Wlx Be^aiisfi hs vantod to ti^e 'lf ihoy wjuld 



. John teafe his mich to the fe&dltr^^ to s^jo ^ 
If tfesy iiQuldi fatty lt^» J? ^ 

A2'i To 060 tt they i^iiW buy it^ (BD) 

ileittKjr (a) ooc (%) of the test hol^ hare. . ♦ ' 

ttie revised WS with teeapact to WZ is? , , 

Onj? day iteha JbroVc tha Bainojfwifsg oE his 

f^te^« ^ toofc it to the j^jifaicr'o. * > 

"nus 2;aoi^«;atc^ AI? Bccausa it ms htoMm* (IPC) (BO) 
' ^ * * . A2s Becaojsie h©. brol(«-th8 jsalnapeinB^, (ED) 
V, A3j Becausa he watiitssd it Oxed. (!»)' ^ 

Bijr^ A3 is not consistent with (b) holds ih this catea, 4nA so m 
chooso ao the answare * , * 

. . *' *■ 

mOXmK mOSTRATflOH OP ROP 3a 

tn EJt2t wa Imve KJlt Becjiti^o had btcten the .^aainspKing; 

E02$ Biscai^ts0 tim d^nti^t Cibcon old ^tchea^ 

Tho twiMd BC vith iro8(KSCt to lOl ist ' * 

1!m dtiatlnt next door f Ji*eij old i^iehes as 
^ tioiiby* Jotm tbok iiio vatch to ttm dontitst^ 

1hl8 goireeatos Alt ^icauoe ho had brokon it. 

A2t Bocauoe Im wanted it H>tcd« (ID) 

tloithor (a) ooiJ (b) hold horV ' \ 

> ■ ■ 
the rcviijQd 1S3 wiTth c^apcct to ED2 iss • 

' C^o day John Isrokfe the Qjttin8ptJn8''of ^lis 

vatch* iJohtt took hlo watch to th« dentist. 

Since thio nc mlma no mnm (vky take a trntch to n dontlsti) (f) 
holds in thle caaai aod uo t^ake^^ as oui? m^}(^tm 

/ 

HOTE OH Iltn*BS 4*6: Ii^ tha application at ruldis im do not 

consldor IDC'o iis pokoiblo rcplfief^entti iot the tA» 



1£ thsj TA 10* tha Causal Ant^ced^nt of an^thor hntsmtf 
replace the*tA %flth thoyathor nnavrarj 

'lUtIS3MT|0}r OP ROLE «l 

In E1C6 vo havo Alt John had got ton threo on it» , * * 

kit John mn afraid thoy wuld be an|{ry» 
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k\ Is ihc TA by, the tiae Bale 4 is.a^pUed* At is a causal antficedeat 
of. A2 since it roV^s geose to ©ay 'ioW vae afcald that they fee 
adgry tjecauae be twd gottiia ihsim F'a on It. So A2 ncplacdo Al as the 



If anotbot aaatier ia the Intcotlonal Con«eqmi»t of tho TA, 
repliteo tha TA with the cii«es aoavee. ' 

la EX7 ''e have Als John tidying to ^fignal t\m dirlyar* 

A2j John «iante4 to prevent hla £r6a stddding 
off tho ffca4. 

If 

Al io tha TA» A2 Is an inteotlonsl coaisa^ticftt of Al nlnc€^ ti 
ficneo to my 'Joh» %*30 trying to signal tfea driver ia ofdec to pr^gvcnt 
bin frcca ekldding off the towi^ So A2 t^plactsf^ Al tte TA* 



If aoothar aammr lo a Pl^sin Cojspo^^emt of th^ TA^ t^lac« tho 



mOSXSAXIOl? OF mM 6% ^ 

In ESC3 v*5t hava Alt John iiantcd to get hie vaich fixed # ^ 
A2$ Iho dontittt ilmu old i^tthcs. 

Al is tha tA» A2 is a plan co^pon^nt Al ninm it eiiilug^ buki^ to 
nAf ^John vartted to^got mtch fl^od^ dmt knem that tho deotlet 
fixes oid watoho©** So A2 *^}>liiceii Al m thet^TA. 

8» l#4 laplcticnting the Ifcdel * * 



Ihc answr coletlon progris3 (ASP) idiich tepleaeste tJiie ai>«wr 
Gclbctlon noddl la not a fully autoriniie fiyutmn It io aa iatcrsctive 
ppoftrftsi lAich foils back tfn tha un©r idiboover nii ^oetmr Qtmt hi 
fchornctoriMd in tet«ii of the given dofinltlons* For exmpl&^ if tha 
progr^;* nccda to detomitio Aether or not a giv^n nmmt in tlottve 
Otionlodf It m\m tha umt i^othor or not tho otato oe a&tivity of the 
quootion prcecds^a thu q^dJLion concept in vino. It then catogoriwa 
the mnmt a^cox^ing to the rasponna given by tha U0ar« » * 



Ihia intoraetlVQ approitch vas adopted in otdor* to moid 
conntrueting an actual language ptocaesing &yutm^ ASP does not 
jirtdcii^tand tho Data Contonct, tha quontion^ or tha anaw^roMn any 
conceptual sense* . It eategoriraa aqaifora iy querying tha tdht and 
applies the selection ralea . utthqut any ynleratandlng* A f idly 
automatic tepl«3cntat.lon of* the mum^ 0eleetion model. would tequlca 
trcsondouB anouata of Motid foiowlaJga Jn ordec to recogni^ valid 
icaoBol r^lattoaahipa^ reaeon/iblle himan dotivoa, and 4<mson inforencea^ 

I9d 
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The paiat^ot ASP is to Uenti£y \^&t chass&tesiz&tSjam are is^riaat 
n^mi ea^i^M4P8 tssmt® to a %vaatipn} not to eolv^ ^U i,t^ prpible^ 
of eoeputiifosal ialer«eceir . 

8«1»5 ASF Output; 



tha n^i ifev pige* ecmtaiQ t^cc« iat«ed«ilve sasslomi vlth ASP 
otdpe u> »pplf the, 4m%mt mlf^tioxC rdL«i* * ' 

(OHB KOiUiiBfi iom wttctib mt his dog vas e^viks tfu^u .VAtKi;^. 

tSAT AFJEflBOO^ HE TOOK IT 10 THE VET> . , 
* 

(«int OU) JOHJf TAKE HIS BOG 10 THE VEt?) 

•* . - # 

*Al 

(XX H&MXCK OR" lElimfeD) - - * 

*A2 ' ^; * ' * 

(IT WAS mVlKS^rgOUBLE WALSaSO) • ' . 

« y * • ^ 

*A3 . / 

#E HAifiiD TO nm vt vm*) / 

*<ASP) • 

SET 1A TO THE LIST m JOXSSBRS ' ? 

*(8!St<i J A S<Ai A2 A3j> . ^ - 

mi Assiea -^hs cateo^ ifrss im mm mm, m sa 

Al 1?A8 CXtEGORlJSSi ^(IDC) 
A2 HAS CAT&QOKl£St ^(£0) 
A3 ^ CAT2C08IES* *(I0) 

(R»LE 1 ESfiCtlZED) / . ' ^ 

GIVER THE JJAm CSinfOOC, CAS iSHE OP 'BE WAHTEO TO HAKE It mL' A») 
«AS SICK d I IHJOSED* BE Wj^^ 2Jm THE OSHERI (IfPE tES OS KG) 



(RCL8 2 EXiECinEDi KO H» IS ^O'EEaEO OTSa THE BD'^) 
THE TA ISt 'XT WAS HAVI^ TROOBtE tfALIO:!^' 

» 

DOES IT KAgB SEfiSB TO SAt MB KABTED TO HAKE 1% UELL ^ECAOSE IT WAS 
HAVIKG TROOBtE WAmKG? ,(TWE XBS M im *fES - * 

(ROLE A HAS Bg£« fiCECOTED) • '/ 

ttfB TA IS WS^i 'HE TO HAKE IT WELL* * 
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<mE 5 HAS 8ge? BtECfftSO) 

TBS, m IS im% 'HE flAHTEII HAKE JI IfELL' 

mz% n «4KE sssE to SAt he uah£e& xo mak^ If MELL Aim H£ mm tm 

IT »AS HAVIHG tXODStS VALtOClIC? (f m 'ISS OH KO) *?BS 
CSUIE 6 HAS BEEI ESCECOtED) . i 

» 

fHS BEST ^SWKl IS BECAUSE IT WAS 8A«KG TROOBI^'yALlttm 



<0?ii B&t JOfel BROKE THE MAISSKEIKC OP HXS UMCB, tm DBIftlST VEO 
tXVEO MKSt DOOa PBCES Ol» WAICHES AS. A l{Cf3aY, SO OOim XpOK HIS MATCH 
Id THE BEinriST) , . 

*■ 

^*Q2 

<sm\t 010 admi take his migp to the i^ist^j 

*M 

(HB K/a> BKOKEIi THE MAl^JRIf^) 

* ■ > _ 

(tHR BBOTXST rUCBS OH) WAXCRES) 

* ■ - 

(HE Vmm tt FIXED) 
ft (ASP) 

SEX rA xo THE LISX OF SOIHXERS J 
HSmq fA 0(A4 AS A6» 

nmi Assi® the catec^s? xms roa each assues in u 

A4 HAS CAXECd^lSSs *<£D) 
AS HAS eAXEGORIESs *<ED) 
A& MS CAXECORIESi *<I0) ^ 



{ROLS 1 EgECUIED) 



(RULE 2 BXECUreU: NO 15 IS PKEfEE!lSO OVER THE ED'S) 

(TflERE IS A CHOICE OF EO'Ss mn£ 3 MILL DSECtfTEO) 
(IBC'S ARE ELI4I»mXED P?M XHS BO'S) 



2aj 



• CXnERE IS StlE^ A CHOICE 0? EJ^'S) 

DOES m STATE ^ ACTlVlXt OF 'THE mmSt FIXES OU) ttATCUES' STRICTLt 
fSlECEDE T5E -mtE m ACtlVIt? OF TOE t^STIOH SIAT^EKX IH tXHEt 
(TYPE fBS <S m^^jlo; . 

DOES TftE STATE,(Kl ACTmXY 0? 'BE RAD BROKEN THE HABSP8IKG* STRICTLY 
WECEnE T^E STATS m- ACXIVIT? OP THE OUESTIOH STAXEMEht W XtHEl 

mm Yes OS mi' *Y£s - ■< ' - 

(HOtlVE mEIJTED BO'^ HASE SE^I ELWmTEO) ' 

(THSIB IS StiU. A dllO|CE 0? EO/Sj WIEE 3A WHi BE BtEGCIEO) 

REVISE Ttik MIA COOTEJCt BY ROiOVlKC THE STAt£HEI»r CCflRESPOHDIKC TO 
*THB iJSfrciSX FUSES OLD HlATGHES* 

USES THE REWSEBf MTA XmiVSX STILL MAKE SEISE? 
CtYPE YES m, KO) *!{0 



(R!JtE 3A HAS BEES EXECOIED) ' 

Ttfe TA ISS ^TDB Mm&t PIJ^ES OLD WATCHES* 

\ " « ' 

DOES rr MAKE SEffSE 10 SAY BE WAKIBO IT FIXED SECAOSE THE BBKTIST PKES 
Ota UMCHESt (TYfS «gS OS KO) 

DOES Tt HAKE SENSE TO SAY HE HAJ) BRflSEH T?E KAI?®KllKC BECAUSE THE 
.nSCTIST PKES m HATCHES? (TYfE YES C^KO) ^iO . 

(BULE 4 HAS BEES E^feCOIED) * 
THE lA IS K05IJ 'THE 



^ BB!?riST PffiMjO^B^MAT^^ 

(?.»LE 5 HAS BE^ EXECUTE) . 

' ■ * / 
THE TA IS SOW? 'XBE BSITIST ?2XEStJtS «AICfeES' 

/ROLE 4 ms BEEH EXSCOTEO) ♦ 

THE BEST AliSWBI IS BECAUSE THE fiEl?riST PEBS OLD WAtCHBS 



*ST7 

(3om WAS m side of a BicmY mm a lahce tsocr siam»£D opp the 

Rd^ AJ the SCE|« op 1KB ACCHJERI JOHK KOTldED A»? OIL SLICK COr£Um 

tm fkvmm mm mmt'A imi ApfaoACHiKC tjib sk?x at Hica speed be 

WAVED HIS ARMS PPAl7tICAU,Y TRYI'IC TO SIGNAL THE i^IVER) 
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(WHY Vas jomi wAm-ij ai Tm ^mm v 



/ 

/ 



(JdllK UmE!) A RIDS) 

♦A21 ' ' 

(jOHtl WAlilED TO EREVEhT U i?R(Kf SKIDMRC OP? fHE ll<^} 
' * - •• *• ' 

*iC22- ■ - . . ■ * , ■ 

(JOKH WAHIEO 10 STOP IT) - « ' 

ft . * , • - , - 

*jmy • ' ' . ^i-. - - 

(40lm SfAS mtlKG TO SXCHAL THE paiVEH) ' / » , , 

*cAsp)- : .- ' 

SET I A TO THE US'? OP POIKTERS ^ ~ / 

*<SETQ !A e(A20 A21 A22 A235) . , a 

*BBlf ASSICjr THK CAteCORY TmS m EACH AKSm IK I A , * * 
, AfO HAS CATEGORIKSs MIDC) - - \ , • 

A21 HAS CATEGORIES: *(ID) ** " ^ 

A22 llAS CATEGOF-IESt *aOC) 

A23 HAS CATEGOBjEES: *(ED) . , * 

(RULE l^EXECtTTED) . . ' ' : ' . 

CIVE« THE DATA CONTEXT, CAS O'iE OP 'JOHII WAKTEB TO ' PREVEfJt XT 'mm 
SK£DDING OPF THE RO&O' AKD '30HK WAKTED TO STOP IT ' BE XWPEPaEO FECfl- 
THB OTBER? (TYPE YES OR NO) *1fES 

GIVEN THE mik CQirtm^ cm' am op 'jom? HAfJisa to prevekt , tt fsm 

SUmmC OFF the road' ^ 'JOHN WA2JTBD a RIDE' SE I»?F£RRE9 PECH THE 
OTHER? (TYPE IfES (m SO) mO ^' 

THE TA 'JOHf? WAITED TO PREVSKT IT PRO« SKlOiSlSC GPP Vm MOm* 

DOE^ IT HAKE SEKsk TO SAt -MfflJ WAS TRTIKC TO SIOAt THE DRIVER BECAtlSE 

jK)mi Mmm to prevem n prom skujdinc off tbe-roau? mn yes m. 

» 

(^Ul? 4 HAS BEER EXfeCOXED) " - 

THE rA IS KOWt 'JOHiJ WAS TRtlKO TO SIQJAL THE 1^.IV£R' 

DOES IT HAi£ SEfJSE TO SAY ^IS^)^ TRYIHC TO 'si<2iAL TR£ DR^R tU 
OR0SR TO FREVEiJI IT FROM SKl&DIKC OFF THE ROAD? (TYPE YES OR KO) *YES 
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(HUlErjl HAS SEEK EXECUI^Di). " . . . ' 

THE tk'U Vmi 'JOHN VASTED tO PREVEiS JET jROi SKimHd OB? THE SOJU)' 

1»E BEST A^RER 1& BECA05E. OOffii HASlgD lO PaEVEtS: It FiMSI SiaiS)lSC OEF * 

^7 . « * -f " " ' ' I 

8^2 Coing Beyond Assver $e1«:ctipG^ ^ * ^ - ' ' 

^ • . J ^ ^ * • - / ---^.f 

dcscribcKi iit tho l^st^^eefcl^fa^ It ts easy i^p ccjqte up vitii eica^^le^ 
'^ere t^e nodei Eailc to fled stfefi tc&fe Answat^ . S;y «xasibi^ «m€S 
^erc fte ' Qodel ^ faiMvf ve. CAti. seci vhat Is ©|^s£tig a»3 b«lrt*^ 

^«.2,1 What'*0 Vrcr2^*^?itH tim Msj^ssr SeJLccfiloi? IS^d^^ 

Oae ifiu^t deti^rce^ tte facfc jt?St jSiejJso^dL is cot ^n^it^Jfc 
to pr^ecfjdixig d$jsXt^^ l^ch questloa ifi^ set of/§fiMJfe't* isi^ cooatdeffiS 
in abaoltite isolattea ol & co»v««atloaal jcoiitfxt. Bappone tb? nawJiiX 
^ficldea that the beaf aaa«&r to ; 



8by did J^^^xnke hia^tcb m the ^eistiai? 

> ' * - . ^ ^ ; ^ 

Be kofi^ that th^ d^tlat fixes imteb6s.fo;e a'^feblfc^* 

while ttits falght be quite, reasonable if% is first <(t«istl9i^*' iu « 
diaiog.V it aeea» rathc^ odd when Ql ie precwtei tJf aa isxcbaoge ^idj 
estabXitfces that John Jsafew ttie deattet fixes «at«be« tot & ha1Ay'* 

I ■ . * \ » ' ' 

Q2: Did Joh!^ fejov tliat the deatlst fixe^ watcliea for a 
Ihobby? * / • 

, A2t Tcs# ^ 
f QJ: Ifby d'id Joha take tmt«^ft to the deatist? 

^ A35 He teev tl5^ deatlat fixea watiche^ for M^hhy. 

\ T . 

A tsore ftatarid dialog, w»ld mt cont«ta t^p^tittsfe isforc^ti^: ^ 

Q4r Did Joba fcjw tfef«t i^h^ dcstli^i fixea «atebea for a 

hobbyl , -^^ 

M* %a# I * • - 

^ ^ ' ^5? ^^y did Som tafee bi^ vateb to tBe ^e^tls^t 

A5^ Kc liked tbt detitiet better tfcaa t^ -Jevel^r* , 

If a qo&ntton mmf^tiB% aysila is rx?>t sensitive to dtdLti% in 

S05C ^^y^, lt*can!;ot avot^ exe>mg^a which are r^eedleaaly repetitive:. 
I The baalc problca aeer^ to rievolyc arotmd a t^try at!E5?ie pttetlple^ 



^ ^ Th^ Mifw^r fltel|e,tio9*po43^ d^erited' in tfee lasUseciloa has/Ao sense 

tafesnt-Atfcat tjist we fcasre to Is^raCSat^ a ^tesa of Jokq^Wled^ 
5i«^^i:ng before «^ JKfa^sddr^ proHesas xn aii^r ^^t|o It Be^^s 

^i^kn &?f^swar to a question ik Isapendeht 6n Infora^tion Mx»?eye<y 
in previous ve>%jot J&ik^^ retrieval prbcoss^iat ?ihicJv 

arrive ali feli^t an^r ^tlfiotst refeE^e^^^to a knodledge st^te lac^et of 
^|s€t spr^iiu |dt '%pviedge state 

im&iiiSt^^ of stngie qifeestion^ smsverjs as i^JX^ iSiBu .soaeoiie 

aski a questioh, ifeey t^lii^ you sraethiag a>put vhat is in t&eir 
^- ^ feabwledge state* TpaBa^4 £o "snotr spac thing ^ iti order to ajsk^^a 

. / l^e ^s«er seieeiioii model outlin^- ia S%1 does ^pt. exasainc 
V qi^stipns "W$^^^ tMa ^ iii pind» ^ In fact^, the ansver selection xxcdel 
4pesn,*t look at t^he question^^yery laucli at all^ '^Ali of the selection 
rtiles pre concerned wit^ relationships" bet>^ en cdcijp:eting answers and 
relatdoisSfeips between ^sj^rs And the data context*. The only tiaft the 
/ _3odel lopis at ttte <;tieltion is ^^tA ^be ansi^s are ijiltiaHy 
Categorized or %^ ansn^rs*"^ Ihe • fdehtificatipn o£ IDC 

" ansyers. involves ,the , question^ because IDC .ahsvers are those >ffaicb 
could be Reasonably offered In response to a' question ^ut of the blue^ 
loithout relet^^ce to any story*. At some j^int iu^ it& prpeessing^ the : 
^ taptfeJ shpnld exaaljie the • ^tlcatipn for infornatteii about what the 

^ flttestionei^^W^ infprdter.tp tt^ ^ost approp^ia 

knowledj^e about ^at the qi«.stionet* knows and. doesn^t kjipv can 
b^ "forming an ansjasr to.a qUe^tion^ and if tlfe quest'ipn. 

itself provides sotae iniornatlon about v4tat Che quesl^ionejaMP^ovs and 
dpesn^'t know, there nust^'b^ tines when ..eK^ining- the queraon for such 
^ Inforcif tio^ is necessary In^ ^indinis the best answer* In QUAIH the 
notion of teapwledge; state, assessment was mentioned but not exa-sined 
^ very deeply (se^ section 3lI*3i2H^ Ihe Answer • selection problea 
ll^yiistrates how. soae questions require' more attention with respect to 
knowledge state asiresstaent* ^ . 



0* * ^ 



Consider the followlhg story: 



, John. forgot the pot holders when be/ renoved .the. 
casscrpie f r<xa^ the oven* When he picked it Up^ he 
yellga .and dropped it on ^he- floor* ' 



Xa tfea causal chain tegreseatatlott 6f this atosry, "botli Jobc yeiliii^ 
inpi. Jcha droppticg thct <:.assec:Ql.e sbare t,h& saae causal ant^e^^eat q£ 
^ho: "being; i»tttfifc^ . * 



JOM <«> GRASP >• C^SSROIE 
result ^ , 



, jbidsf isms qosr 





^?c3ult 



HAND PiCRt CJP^) 



/TV 



1/R 



(temioate) 
JOHN <«> GRASP ^ CASSEROLE 





^Hlf <«y SPEAK 



If the retrieval nechanlsa £ot iAy queistions w^re 4esigtte4^lo pick (up 
the innedlate causal antecedent o£ a qi^wion concept, both 



and 



tJ4: Way did John yejjl;? 

Q5: Why did Joha 4rop the casserolef * 



would be answered with 'Because *.he ^pt bxirnt*' But ' s6?iething 
interesting happens, iwhen people are aslked Q4 after reading the story 
^ands:^e*n (different) people are asked QS^ after reading the iito|y* In 
aia» dtiforual ex^eriiaent* 11 people read' the' above story ^ 5 vere/aiked 
'44;ai\d 6 were asked Q5» Th.e responses veret ^ ^ 

" / . ^ ' \ ' . ^ 

Q4: Vhy diil John yetiL? . ; V . ^ " 

A4a; He burned his hand • * ^ * ♦ — • 

^ "A4b: Be had burned his hands on ihe hot casserole* 
A4c: He hurt his/ hand ^plckihg up.the hot casaerplfe* 
Md: The »hot casserole bdrn^ his* 
, A4e: Because burned 'his^ han& 



05-1 Vhy did Joim. drop the «c^sat<^le? 
M^i ^Cause iti sias too K^r to hoi4» " 
%Sbt It vsiB 'l^t*-' * ^ * ** ^ . 

lte>U3^aed his Mad becaue^ife vas lioit 
A5<l,t Because it i^s h&t* 
A5e? Becaus^^ it hot» 

kstx it *hot% « 



In. an the aiisti^tfia to <J4* a re£emice aad,e 'i4J J^fe^ ^^ysic^ stjite 



lav'fscyoae sa?a i^tJo%^ got, hurt 
In^ituttife^ tlia^t the. vaf 

eat. all <}£ tfce ^ixsvets i|5\ 
station t^iat John vas huttt or^rtit* 3ui ^1^^^ ms'mt^ tp ^S' 

tW q^stlocer iaaf t6i^ sj^ttiiaiS at^ anB^^et to <i% \ the 
coacepLuaii^tipa wyid iwolve a ^ negatives state 
"iuitiatli^. th& te^spa for 5^liittgt , 



cJjaage >Meh Joha imdets^at* 
burnt ^ Soae of tha aasv«^r> 
responsible for It^ but taaay oi 
JOh&^s bai3d ^& burat Vithout r? 
aos^rs to* Q5 are sc^e^^l dij 



^mi ststs ^i&r 



1«x 



X 



Ihe concept ualisatlott 4escr:^iiJ^^M tfie ^ueatioaer i^uLd kaov .^fter 
hearlns aa ansv^r to vbuld e0tall,jJote plckinii ap tbe casfs^role, 
John*SL _^^icel cotxt^ct . idtk tJi^ * csssi^role coml>iQed vitb felie 
temperature of tb£ ca^erole cesaltlog iu Joha getting burnt^ airf tM« 
initiating the reason for hi5 dropping tte'caaaeroiei 



X. 




mm '^> GRASP CASSSf^QlS 




mm mm mm ^ 

• ■ ^ 



* 1. 



/ 



Sens of tise aasvers 4o not c«mtaia all of this expHciUy .. A5c -is ihc 
ooly ana*^.r vliicH dcsctllses Jolia fei^Jsg feurnt."" But anawetts to-Q5 Xe^e 

'differences alisvsW ar^t afe.tiifeut;aa>le to ths dif fcc«ds;«s ia ^at ttes 
•qusstioaer knows at the tice the question, is asked. Ihesa dlCferences 
are irjplicit in the qusstloi^s* * , . » 

Qi itidlcaitcs lhat tlie qecstloa<sf knows John yeU«l, iodicales 
that tbe quastloaer Isacfws -Johp Bad picked op a casserole" tin order to 
drop sea^thlng you h&|e t<^ Ijave ^iclcad it op to t>eftttt with)- aad that 

' *■ , •* , 

Ihc kac»dedse State c^t^espoodlaj^ to <J4 4;ss 

. i' - . ' » . 

result ». * .. . • " ■ 

/ ' 
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jihc kaowlcaR^ state C0^3i>os4ia|? to QS iss 



mm <-> GSASP 4^ CASSEROiS 



<«> mjm 4» CASSERpLB 



•J 



tJhea a quaatfoa aslcs abowt^a sln$l« coeceplu^iitjittda, adequate 
answers caa found l>y Xookias tot « slasXe ^aittsal antecedcati* But 
Wiea a q«feati<^a aaks aboufe a caysal . chaitsi^.. a &ood i^oiwar i*iU be- 
soae^hlas Which a?,loWk the <|isestloRer >o conatrucl ^Ke tstsaing^ carta 
of the chain, this distinction is. a o^foj;- Irc« a i^eoei>saing point 
o| -view*. Soae ^lueatiooa aijlk je*^uV. cat^ aotecedcaes of s-insle 

,^acepts and others ask ahotit a^»ate . Causal ch^in, pjcoceasi 
\ vcturfes a sinsle aafccce4^t ij^^oitna to he less iavolvea fhah 

, one lihich sjust daal vith taissl^^sans in . a causal chain.. To see 
e*aeU? ^ow auch aore t^^^m^ consider vhat haopaoa when people 

-a«3ver quesiio^a of the sc^ntetrietK''^- 

On^ vay to leaks sure the insSatioaer can fill in. a causal chain ia 
to spell, it^l out for hia. So <>?ie answer to Q§ would, W fBecauso 
Joha^cot-feufnt £rcd hol.diiss tha hot casserole** Ihia aaavor explicitly 
descrihea John beins.* in contact .vtlh the casserole, the eaaaerole 
beio^ hot, and Joha getting burnt as'ti resnl^t. -But in answering QS' 
Robod? really does this. The ass^rs to Q5 saantloa soae parts of the 
chai% aa^ not others, ,lh© q.ueat;io6^ Is, relied upon to fiU m the 
oiasiog parts by inference. 

One inference that the. qiisjistionet of Q5 is e^eted -to mk% by 
Maself is the fact that John is In physical ; contact/vith the 
^asseroXtt. ,lhis is a very lov? level Inlareace <jhlch is laoe^late fcm 
John .picMas , up the casserole, (the inference 'fsljsaedtatei la tlMS - 
sense that people find it obvious - not ia the sense tbat «e 6a«e a 



good isodel e£ how li*s dona) . K^my of iho onawfera I© iJS aicsply state 
that the casforolo ma hot. Ftwi this the questicooj; is espactcd to 
eonfitraet a chain including Joha being An coovact vltb the casserole 
artd jcoinsoquantly gottlas burnt. 

^ Uhea an aitswar tauat provide tbe quo^tioaer with enoushf^ 
ioifotaation^ to coajjloto a c&vml clhaln, the fornatioft of that aaawe^- 
tauat* xiBh luxowlcsJge about »^at Mosls of inferences can be rcaiiiy aado. 
People tiho answer Q5 with* 'It (the casserole) was hot/ are sssuaios 
that anyone Iknovs * , \ 

* * 

V. ' • (1) John picked up the casaeroXo ' * *l ^ 

<2) the csmsjS^^ole mn hot* ' 
<3) Jfohis dropped the esi^ectolc^ • * * , 



caa iaeer that 



^---<4) Jote v^s la phyalcat contact, vlth the ca^seroloy 
(2) JobxK butttt \ ' 

> . * * ^ 

Thia to^ouiedfte about laSctoivcea aJtfecla Uie toulav^ pjogs^ei wHi^U 
80le<;t an imsvot* Hou is this knovltelg*^ to ha itie^SnSrat^ in ih^ 
iTotrlcval heuristics? th&ra aro at lea^t tvo p^^iMbld ^prWh^ai . 

(1) PossiSsic ansrvet^ could ^b\a<!tnci)cSlU<t and tested hi a* ^t^^islatjiEon 
otograa «hich vouidrcrtdeavor to sisaulfl^tja tha qt^slionbr ^« sea ik a 
,4<^pl<^tc c«?uS3fcX ^haiia^ cduld be* coKjaftructad oa the hdim of M» ' 
propo0cd, aaaimr* Ihis alaalaiioii hljj^ht.^ by infJ^mUp^ ^ . 
cauaal-chaiiat-riiilri^^rojjrm *^ieh* waed geaoral, rules o£ l,rierenc^ ot 
the sort that <a\wk l^ejjct propsfeod [H<^r 197^al% ' ' 

(2) The tiiOTot^ raprasentatl«>n aaU retrieval licuriati^db* ecu^3 be 
deslf^ncd in some vax^whlch, viould armble the Ricnory aa4tfU to Sjdantify 
.a o.ood anm^at ^ron vhlch ci .chain couW W conHtAifeti^ ^ without . 
aimulatlnV/ the, construe tion itaalf* : -/ 

^ V . ^ ; ^ // . ;r \ • 

. Before discuss tan vhich of t,|ia«e approaches aeea% ^ora proalaing 
vill rcvi^v soae of the iapottant obaor^atlona *Ailch have b^cn oade 
thus far* • • ^ • • ; / , 

. ' ^ ^ ^ * * ' 

A qxH^ation nuat bo ox^^ined to find 'out i^at th^ . <|ueationer docs 
and docs^n'^t know» thj^s amounts to a for^ of 1*L0d asiseasabnt* 
. . - ^ r . • . ^ - ' ' . 

A q^ussatioa c^tx be aaMng about either a aingla, fcohccptus^lii^tlon 
or an lAcc^ptoio cavsai chain* Saowiedga atata aj^scsstaent bascd^ on 
the otigituil quadtl^oa t|atartilnes Which case hol4^4 ^ ] , 

i ' * 

A qiiastlQu vhich asks , about h a^ngle concept can i>c ansv^red* by 
d^scr^iblng a direct causal antecedents , ^ . 

*** A qimalicft vMch,a$iks about an locoaplete causal chain should be 
answered by. supplying .only .those |>arta of the «hnin i*hich tbe 
qi^sfcioner needs to cospiete th? entire chain* , 
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Ua Jvavc Suggested p^sqIMq^ vsya thai an aaowee way • he 

<sonetf*^cte<i . HU in an incoaplete causal ^hsdn, Iho first aethcMi 
la js gcsaf atlon and tell approach in which one hmm txt^ovy vctrioyal 
on a aiaulatlOR at the <}ue»Uonor proecesing p£oposed{ ansvom ihc 
aecond n^thea la to Incotrporato rjulet of knowlodg© state a^sessaent 
«»ithin thfr retrieval hewiotlcsi, Vhiie priQciplee of quaetton»hasa4 
knewledge state asseasoiQat Cauaal chain generation ^'awit he 
incorpotated in tha ecaosy aojarch in aotse way,. It .aactt^ that thlo 
Impwlcaige epuia Intoriutlisaa Ih toms of the seacch C«ch6iquafi and 
aic^asy repi?©»onUjtioo alone, that is, a pinthod of the SBcpnd aoet 
which QRcodoa those princlpies on the level o£ acaocy repr/oatentation 
and sttaight-jfpnrard retrieval , heuciatios *»ttld fie a eauch ^orc 
efeeetivo »0d^* In the noxt saotion wo will »ae how th'ta' cmt nho- 
done. ! • ' ? , ' 

S« 2. Z A« 'RetHev|d lUile Incorporating. tOXK: Asse^ " \ 

In!,th?8 acctlon we will look at onfe'way ji r^^tcioval heui^fltlc can 
incorporate plcinciplea cpncornins Jyiowledg© iitate aaaeasa^ t und 
cauaal cMin genaraiioa« Vith such heurlotica' the feaot atiau^r te a 
why quasTtion can bo found! wlthput coiiBidering coi^pettng i^nawara. 
thejfc rettrieval heutlstics tsdat atatt With a quaation concept, analyse 
the quaaUon concept ae ' 11 retsidca in the ato»y reprcBentation, 
fleterasinct' vhethor the question in aaklt^ .shout- ^ ' «lngi|J 
concisptuallxatlQn or a eaOsal chain, apd- in the caaa o£ ^in Incoaplectt 
,fcau8al (shain* find cppcepts Which will enable the ii;ue8t'iqneiF to 
conatruei the entire ch^ln« * v. ^ . \ 



ksA^ mm li^.Ten^itiating Acta 



"ihia rule appliea to Causal Antiecedent queationd »Alch aafe .about 
tt^ tetoJnation of a con^iCptual act or activity.. ' 

, Qh Hhy did John drop the caaaoroXe*' 
Q2j W\y did John atop playing golf? 
Q3s W.y did John blow but the candlel 

ISien a question aak^i aboyt ^a tefjpination, an lataiediate knowledge atqte 
aflsosaaent can bn «8do« Tt>o quoationet auat know that the^ . activity 
tennainaied was occucrliSg over sotae interval of time pre^i^ng ita 
tccHflnation. Ihe poraon asking Ql laust know that John had ^j[;^kod up a 
eaaaerole. In order to aatc Q2 yPii have to know ibat J^hn had b^en. 
plajrlng golf, andvQS presuppoaed that the candle waa burning. 

Since th^ao knowledge atato aaseaaaents give the queationer' 
knowl^ge of acts prevlouB . to the quoatlon concept, tKe q'ufestion 
Indicatoa that the fira.t' ^nd lafet acta of a cauial chain are knowat 
too qoBstion Itt; aaklog about what, went on In the siddle of that chain. 
So queatlbn?. of thia sort fall inio the ehaiVi completion category. 



Z ' ■ 

(KSA - Knowledge State Asadastsent)' 



tile irctelQval heueiet^c for KSA Rule 1 dooa not! woek Sot all 
qttesiione irttlch apk dhout iotninaLin^ acts. 8ui before we can Cuetlwr 
8pccl£-y thji quoBtlono ftft «hich thlii tuic Is intended, we oust flrat 
edflnp ovk acMocy ecpccoentiation a blU ijp vntll «\oh, out ajat,m of 
e&uaal cb^ina hoe functJencd quite nicely with^a vocy scsali nqxabcr,. 
tathav gisnoral c^a^ linVc. (seouic* enable, rda8on» 'etc.) ^Toto we see 
where it la nocconatj? to refine the. o:6tion of a result link. In the 
caaaorole atory GBASPlng the caasorole lo a coiitlnual act. John's 
physical contact with the caaijerolo la raaintalned simultaneously over 
the,' Interval of tins during which John la CRASPlng the caanerolo. Aa 
motx aa^ John ceases to GRASP the casserole^ phyalcal contact 
tortainates. This eelatlonshl^ la a sort of lalcjultanoous cauoallty. 
In a paper by Chuck . Mcgcr Whlijh lientiflca 28 types of causal 
r^jlallonshlpa [Rlcfjdr I975bl;, this relational link In which & result 
Is continually dependent over an lotocvai of tiae. Is called a* 
continuous cauanllty llak» We will call It a continuous ?csult link. 
This ^israe type of llnk'coiinccts, Jbha^oing in pHyeical intact .with 
the jrasaeraie and John getting burnt. As long. «o John la touching the 
caaserolo, he is being; burnt by it. Itow are ready to describe 
wiitlch'-quisatidns our rule, la intended ior. j 

'KSA Sulfe I appIicQ to situations in whichs 

. . • \ ' , : . 

(I) lh& quoation conqept deocrlbdsVa totipindting act. • 

tS) Both fcho^ qtKttotion conc«5pt ^nd its eorreflpon41«g 
initialisation exiat in the oau^aX^ clmlti representation p£ 

^ ,(3) tho Initlalisfcltlg pcf^^haa a causal cbnaisquont ia 

c^nnceteS 16 It by, a contlnuirun raault iink« 

this tula thorefoyc iipplleo to Q5 Mhm It la asked »»;in the ' contOKi o£ 
,t!m caa^ifetble st^py.. "Job*^ dropplrts tha caflserolc la the topinatlon 
df 9/ GRASP act. Bjsth Joha^CI^AlSPlnB the caaaotol^s amt John te^inatlna 
Urn GRASP aro proaerti In tha cauaa\ dhaln t^preaantatlon* Hnally, 
the ati of John CRASPlnj?^ tha caaaerolts haa a cauoal conaoquent o£ John 
feoinn in phyaleal contact with the caaactola idilch lo connected by a 
contifiuoua r'oault link. 

Tita rptciaval heuriatic for thla valtuation ia baaad^^n tbe 
follovloQ Intuttlonas Vhen a conceptual act ia ongoing over a pc^riod 
of tlmd^ it ^a very of ton vthe caea that . a cauaal ctialn^ la 
•aitauttanaoually maintained by 'the contipnous act ao lon^^aa tha act 
paralot0. tnionahla slmultaneoua chain Ica^lo to an ^ifidoaltablo atato 
chnnso^ the' initial act i^lch oalataina the chain ia aoEta^iajfa 
terminated in order to avoid the undceircd state. The claim hehind 
m Rule I ie tlmt %i!ien the three aiMoational criteria of KSA Kule I 
aro antlaficdt the contlnaoua act waa terrainated order to avoid an 
tintlealred atatc change* * ^ 

Ttils.Ua clearly the caae In the casserole atory # To oee why the 
conatraint concerning a continuoua result link ia noceaaa^y, coaaldet 
th«? follovJ[.nft atory: 
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Jbfea ms^aliopping in'S-RPOCcry attjrd. Juet aa fie 
was ukiog a ateak f c;fei, tlja m&t cooler he Rotlc«jd 
t.hc ceilioff begin to (foXIapfjo lo frdot - of hi«a. 
John *tsopp«d Ms tiaateij aij4^t/6« 

In this caae iofto .plelte up a stee*^ is I|lghtcp«s4 t>y an« l^pdjojj 
'lisasicr. drops ttie taaiast anrf tusia a^y. There ate no continsfeioi , 
result linko in thn ^saiwal ehait ccpce^iatloo for this utory, 
FuethetKore. ope lindctetande' jtb'4t John popped fcha haa)c«jt cithoc 
because he was frightened or bocauae couldT^ttm battec wtthout it j 
% one whi. ui^dorstanda thla story ,t*o«ld laaglne that John djroppod the 
baflt«jti)ccaufie ha thought it wbuld &ttip the ceiling ftoa coilapsing. 
The shopping sciipt aosu^cs us that tM stocy r^presonuaon tdll have 
the act of John picking up a baaket In tu So the jfirat *tw> criteria 
of K§A Hole I are satisfied. The absence of a caueal clmin 
cofy^tinuously dependent on John GRAS&tng. the basket is «hat- telle ua 
not to^ aesiaic that the baakot v4s dropped in orde* to avoid the 
eollapaing cpilirig» . « ' 

Given 'that the three criteria for KSA Rale l apeclfy a sK-aatfion 
in tihich the act is tensinated in ordeir.- to avoid aoae state* ve dtill 
have the . problca of deciding «h£ch • co»-?cpta in the latdry ^ 
ccpreaentafeion should be returned fdiCf,afi ommt* lh# aao^r Ihould 
fcosaunljcate enough ittforeatioo fdr. the qfi^ationer tc 'construct the 
fauaal chain. In the event that the cau^^i chain hao acre than one oe 
tuo intenaedlate conc^ts, a good anst^r Milt ptobaibly not npali out 
everytbinft that la there* Sma things can be left to the Jiuestloner 
to infer* . • ^ • > , « ~ ^ 

• * . , • r ■• ■ 

The probl6a is oae of finding- rules th;4jL con be applied to the 
«3aoory rcpjgg^anlotlon to idci?ttfy vhich concepts In the causal chain 
have to be afentloned. By looking, at thtf anoj^ra people gave to and 
05, tto see one toaedlatc difference in retrieval. Sone of the anawcrs 
to Q4 (tlhy did John yell?) apeolfied the Icmcdiate cauaal antecdientJ » 

A^aJ- He burned his hand* ' 

A4ei Becauae; ho burned liia hand. < ' 

What i« Intcreoiinj^ i'a- that %/lmn nn nmmit .td ptwi^m note. 
InforradtiTon thati IhU^ no ^dps ate left in the cattml chain* People 
dO; ndt tend to nnumt m ^th ex>lattatli>5 Idht f -Bf caaOA the 
coMtrntola he mu hsiditig mn hot.' That at^^mt muld t^quLt^ th^ 
questioner lo itsfer tfcit . John , in phy^ic^ cont^^t irf^th the- 
CMsctolc iind AMI the Cfli88<iwl0 Inicnt his* All ot the nne^ro to fji 
nctttloft John hdinR hurnt hutt» the cast^crole being' hov, mtA John 
beini? in contact uil^ the c'essefrolot 

A^*b: He burned hln MnAn on the hot casderole* 
, A4c? % Imrt hid hand plcfcinj^ th$ hot * * 
eaBa^eroIaJ ' * ^ . 

AW; The hot canmtplQ burned htm# • 

In A4d» phyBic^l conteet with the catf^erolo it^ not explicitly 
mentioned but it is Implicitly present in Che conceptual definition of 
'to burn' which Is being used here. This aenee ot the %mtA rcqoiren 
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an obJif«fc| «!}le1) i» pfeebabXy hot iQ cmQ iirto cflut^ct with or close 
ptojstelty £» omt . objccL«^« 'IJiis state chaogc the^ results in a 
negative i»liyaical jstate clwngc to object^* i 

Jfd in out infotn^l (^p^tinent Mnmted tiitfj 'Becetme th^ 
ciim£(arolo ^0 fedt»' ThiB cc^^t tteuld require the qucl^tlpmir to piece 
top,iimt th^ ^OBmroU h&inr, hoi \dt^ John yelling hy «uilciit5g the 
itjfer^aces tbat John Md touched tlic casaerole and got hurnt# 
Xnittltively it n^mu that one eotild connect thorn concept© together 
vlth th^s right inf&tQhceBf but apparently this ie reaching too far#^ A 
good aaet^er eholdn^'t mn'kt th^ questi^acr %kf£k toct hard, to eakp i;«aco 
^ It* the ansvcra rccc^ivc/T in rc^pona^ to <J4^i|l^atrat€t a gcaaral 
princlplot « ^ , 



Aasver Selection J&ile 3s 
t^eo a gueatioa aaka about a aiogle co'/4eptuallratioR 
(as oppo^i^d to a causal chaia)* ijood aoswara do cot 
require the ^heatioaer to laCer the ctiseing parts .of aa 
inciorsplet^ cau^l chaia, 

Thlo prl«ciple Icadc tua to a jjeneral^ ml^ about ise^ry t§$tt\^^%% 



-^'■■■ M , rn , „ ^ 

'Wien a queatiott Indicates thai the quaat^ioaer haa" 
kaovledge of only a alagle coucmvmVLmti^n.^ the a^si^ver 
alKiuld idpeciiy an Is^edi^t^ caiuaal aatecedest (iot th© 
caae of a cooperative lateatiojai^^i-ty> or a ccppleie 
cauaal chaia, leading tip to t&« qusatioa coacept (in the 
caae of a aore loquacioua lateatloaaXliy) # 

So'questfona about aiagle toacepta do aot require retrieval heurlatica 
which iacorporate Scnovledge about vhat the qt^stioaer caa loter* But 
^ caanou avoid that prdblea .whea a qtiaatioa indicates that the 
queatloner ia trying j to cooplete a causal chain* Q5 (t&y did John 
drop the caaeterole?) ia auch a ^qsieation* The anav^r^ received lii 
rcspoaa^^ to 05 all require the queatioaer to oake soae iofereace or 
ittj^ereaces4» 

A5a: xauae it waa too hot to hold* 

• ( 

Thia m&^r says that Joba dropped the c««Berole because ihe casserole 
«ad hot enough to laake holdlog It rtault ia aone tts4««lsieble state, 
the tmmit dms not epecl£y what this iitirte Is. The ^stioner pmi 
infer that * th« mdesirabXe state *Aieh resurltu £t(xi h^Wiog- hoj. 
object is a negative physical ^tate of being btatist. 2hc xtnswer Is 
also co»8tr«cted la such a way that it dees «ot tell Uie questloBer 
John was holdlog the eaeserole. So t»5|» «np»er ^/quires the 
questioner to Infer that JoU.' me isi^piysical^ contaeu«lth t&e 
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. cm^tol0^ at^ ih^i John mn burst fey the easserole# Vith ih^m 
Intefences^ &^ the concepts com^ycd in the en^mt^ t!*e cou^i chsdn 
starting w^t\ Jbim pickla^g up tlic ^ casserole aad essdllcf, nttfe Jsfia 

— AScrEe bwned fei« Hand hoq&m^ it hot* 

?hi» ans%mt «^iys- th^ftt Joha dropped the cascujr^lc bi^uae hsd burtieii 
bis hand %3t. tfei^ mi^ caused by t%e c^sisroXe heSm hot# la 

or^oi^ 40 coQplete Ihe ch^la tf»l©^l!SG the qwist loser mni^ infer Uutt 
JoM v^s la pHyeifcal poiae^^tH tha caswrole* Everythth^ ejee In 
tb^-chBin la glvca» 




Ure four othctr respoases ^teply descrihi^ the c«s^role iata b^^ing 
mt* ' thin aasvcr ifequirea tbe ^jtie^tiotifer to lafer thai Joha vac 
physic^ cotsutct with ilm cas^roXc 41^^ that this r^i^ulted la Johti 
belag hv^nt ^Ich in t^a tt^Mpomtpi^ for Je^hs ^ropplsg the 

casserole* 

ilEille' vhire are dUt^tcnccB In ti^m reapont^s* tS. re^ ^re aoae 
things vhiak they ail have ia cocsioa* fi) Tfejfey jill csij-iialn that the 
casserole ^a hou ^ (2) Kooe ^ ihm explai£ that Johii vai^ lii ph^ical , 
cos^tact witV"^ tlhe^ caaserole. Ifetttitlvely ao^ o£ thla mkaa senses 
kncrWLog that aoneoae has piefee^ ap^n ^tbject drlvea aa iis^^cdtate lo'-* 
levdl ittfereace * that tfi^s^y mst la'^cosUct vith that o>j[ect taaleaa 
9 ^ you lare specifically told that m isiteriaediate devlci^t of ^ose isort 

(toft^Sf^ Zio^cSf a duat 'p^Ji) *fiai0 uaed. If Jo\m plcka up ^he ci^asijerole 
<#e all ^pe4t hto to be holdtm it„ for aose interval ^of tiise 
te:c4iately followisg the act of plcldTig it up^ The |«irt t&t ia a 
little le^js latvitive la that j^exyone descrlfcea the casffcrole as 
belcj^ !^t* It 4sppeara that fysopl^ are expected to infer that JToha «a« 
. bt$|pMd given that John vaa hoJ^dltrg a hot lia^aeiole* Bat *iti^hy ta it thii 
ca^je that peopjc are tiot ^psci^ected to infer that t!^ casserole voa %t 
p,ive)si.xhat John a«3S holdliig the caaserole a^ he butn^l VS%y 

doffi ; people alvaya j^eatjoa John ^ettin% tmraed l^tttead of |the 
easaeroie belop, hott %ere are isa&y posaibie explaitatioiiat 

-(1) It^a caster to lafer «fcate changea than static" 
properties* (Cettl^F. buriscd ia a state cimnz^t 
Beio^ hot in a property*) 

• * ' f2) It^ii easier to Infer, co^ccpt^ whicb are alsple 

lis^ar pieces of a cauaal dkain Umn it la to 
iftfer concepts which arc catmlly concurr<Mt In e 
^ caudal chalB* {Setting ^urnt has one causal ' 

antecedent and ^e causal conaequent; . the 
catBetole beliig hot ia si^ttil^aneoaaly coupled with 
phyalcal contact to canae J^iin getting bmrnt^) 

- (3) It is harder to Infer i^onceptn vhich feave 
* fever, cam:^! Hnte tyinz theti to the chain* (The 
caa^erole h^iuK hot is the only concept vrfilch ia 
joined to tise cliain by a single link, a contlnuosiS, 
^ rfeauU links all the others have both a causal 

antecede?5t and a catiaal cosaeqt^<'it# 



er|c ' ^'^ :^ 



Hicre if aven d fourth posislbU^y vhfch not sppareat Stm tfie 
citusal' cfiala rcpfreijeixtatljO0 m ve h^ve described It. It nsf fee xfc^ 
ciiw th^t coiace?t© ^ii?e chos^a oa^the basis of iofomatlot^ ator&i rf.tfe 

ch^hx Is being generated* asch cstml link Is f5eneMte4 firm ^ose 

pla0S* perhaps ate derived ftosj im-le^?el iaf^reace nedmsisjsa of 
*t!5ft ^rt proposed hf Ri^er • {Rigger t97Srf * It sight be tjseful to 
differentiate liaks la totsss ^f , different etrf4cttttes within these 
JuxovXcdge sources* ' ! 

have eetttslly done thl^, already in tbc SAIt system vfmn tbe 
©ctlpt Appliet tags inurfereace/resotutton pair^^ t^gs s^o^i^e 

additioa«l in£o^^^tion ^botit t*at sort of Btrueture wlthla & 

script «as responsible for recognizing the csmal rel^ettionships In 
cbaine bi^iimlog td^th Interferfeoces aijd etsdicg in resoliitlons, . AH 
B^h cTi&lns Are fo«a4 iPbraacbe« vhich leavd the default gatb of Ihe 
script, thei^ taf^e ^re uBcd in aofivering vhy qaestion^ ^^bich mk 
^ifeout script r^tsoltitXons* It nay very veXI bi* ibsf. the tsgi&ing of 
Interference/rfe^lution pslre ti? isits^ly one particular case ^f m 
e^ctensive systeo of procesalng tags vhicb to be Incorpotated |n 
Bto]^ r«g;^tfiScntationff* It viti be ^emUr^ tts^^ investigate ^ "bis 
possibility when a syntm i& designed l^icTi ba» access to, botb ficrlptn 
And plans* ttben stories teqplte different Mods of knowledge sources ^ 
it j2sy be critical to bave a story representation ifeieii easily 
reflects which teovliedge so;ircen.were used to understand causalities* 



If such information were incorporated in tbe 
tfee casserole story. It night look IlKe: 



representation for 
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<-> GRASP 4- CASSEROLE 

continuous ifsduit 
Clcw-levci isferetvce) 



jom PHt^ -e<5H?r~ " CASSE?IOiE TSIP VAX, (>S) 




. (CASSEROLE) 



CtOTrlevel Inference) 



HAifD PART (jam) 



(reflex scripts) 



JOHK <«> C?IASP 




JOffi? <«> SPEAK 



fVhile it is vety di^llcult at this tlae to guess which* pt the* 
possible rules underlie retrievalt it seens plausible th^^' rules of 
this general flavor caa*doltha-job» The idea of tagging causal * llinks , 
according to the knowledge sources responsible Jcor then is a 
particularly proa4&tQg approach^ In fact* t^ere Is an exsnpLf ,-4ttf 
oenory retrieval falling" urMer the contr.ol of*KSA Rule I which seens 
to indicate a nee?I*for such ta^s very .strongly^ Consider a new story: 

* John vaSfplaying golf one day >Jhen he pulled a 
Quscle. tle^^ibpRed. playing, went hdnet and called 
the doctor* * *^ , . 



Thc^ story representation for this looks likej 



4^ 



# 




Jioif stippb'seJve ask ttie^ qp&^Vkan ^ 

06: Why did * Joha sjLop plejing golf? 



Ihis question it, the context 0t tte golf story satisfies tJie criteria ' 
of XSA Hi^le !• Ihe question sbpat a tersitSftlon, the story 

representation contains both " the texsdn^tion * ccticep*.^ ' and Its , 
cotrespondkn^ initialization (iohn playing go|f),~ and tt^ initislizins 
cdnccpt has a causal conseqtjerit ^ich , is connected * to It ^1>3^ i 
continuous resist t link* But ttie* oxii^ts. which people giVe' in respond 
tq Q6 differ froa ttose ^iven for Q5 i]pi an interesting ^ajr^ . Cf five 
people vfio were asked to answer Q5 Itf ter reading the golf story, the^ 
response^ given were t ^ ^ 

A6a:^ Because he vas h%t* 
A6h: It hurt to*.play* 

A6c^ Because his*auscle hurt* * ' • - 

A6di He was worried, it oight get worfie. 
AjSe: It was painful for hin tc play aod he d^dn'^t 
^wanjL it to get worse J 



4 



What li interesting about these responses in contrast ta. those given 
for is that two, of these answer^ CA6b and A6a) r^fer the fact 

that 4fohn was playing golf. None of the answers to Q5 mei^tion John 
grasping -the. casserole^ ^ .Yet^ the. question Q6 indicates that the 
quest^lbner kAew John was playing »golf 'j net as p5* indicated' that 
^ questioner* knew John had picked u^ithe casserole* So ^,y teli 
*que^ioner something he already kngws when answering Q6? .The reason 
is ^fairly si-apie: .while the questioner^ knows that Jdhti was playing 
jgoif, he does not have any Infomation about wtiat playing, golf is 
re?at|d to causally* If an answer is^ given like A^a which sisply 
s/ates that John wa"& hurt.* it is harder to infer that playing golf was 
^'esponfiible for the hWrt* , It Isi not too difficult to ^Infer It or 
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people wftuldh*! give ahsweife which re^juire-jdiat 'c,aus?il inference (like'' 
A6a, 'A6c, anJ 'A8d)., Rut it is Katdierito Infeif tMt playing .golf 
results in being hurt than it i& to infer,- that picking up^a casserole 
..Results ii) being in physic^ Cpt(tact wit^ th^ casserole. It is harder 
becaase playing golf only occasionally results in Jbeijig hurt but 
picking .tip an obJe<^ always results lj» inferred.Vontaet «ith the 

Ihe >toi:y represcnt^ion can refle$.t. these fuzzy probabilitiea^by 
'incXuding knowledgfe source aags . on Us: cauial If Icnowledge 

s6urce tags i^e^aced in the representation, for the. golf stpry^ the 
•-link between playing ^jfe^ getting hurt «puid be attribut^^ to^afi 
"intepferehce in ' tlie gpl^^ The^'link frpa ^tting hinrt to 

Stopping would^' be /roa a resolution in the .golfing script, ,and tlie 
Tink fron "getting hurt to, calling the*doc;tbr would be frcmUscae^ plan 
b| script concerned v?lth the niaihternancie of gb(^ heaii|t« retrieval 
heuristic that cac^lnetf Imbyledge^saiKrqe^tags^^ could ^ be desjlgncd tb 
return, causal antecedents o£.scr4.pt interie^renccs but i|5^e c:ausal 
atitecedents of^^ Ibw-^level^ inferences* Such an ihstru1^j(ion wuld. 
i[Moun]L . for thfe^ fact that soiae people. Tnention pX^yi^g ^blf buL nbbbdy 
nchtiphs picking up the casserole-. * ^ 

8*:3 Looking toside MBUIliD's . / . 

\ ^ . . . ' ' ' - ^ ;> • , 

^ In the last section a rule was developed which incorporated 
knowledge sftate iassessnent. Ihe rule looked for structural aspects of 
a ^ p^iriii:uiar causal chain atructuie: (I) the initiation and 
t-eriratnatiott of an act, anO(2) a continuous result link enanating, ;f rpai 
the initiation of tbat Each of these features ; are^ -structural 

asjiedts of caiisal ch^Jitl representation. , : ^ • 

Iti trying tb dfevelop a set of such structural rjB^irieval xixLeBi a 
very strlldng .^henc^enQh reveals .itfelf l&st \ answers to' 
taty-qyestibns describe' motivations, goals, Aesires, or mental states. 

* .Ql: >Ihy did John take his %/alch' to the dentist? 

' Alt He wanted to get It fixed. ^ 

• . ** , * 

Q2: l^hy didn't John show his parents hl^ report card? 
A2: He was afraid^ |Lhcy would be angry. 

^ Q3^ iniy was doKn waving at ihe ti^uck? ^ ^ - ^ 
/ » A3: 'He wainted to prevent it from skidding off the road. ' 

Q4: Why did John yell? . " • - 

,A4: He burned his hana. \ ' 

• . ' V ' ^ / - ' ' 

All bf thesfe answers describe aspe^ts^of mental states. Th^re . is a 
difficulty in retrieving concepts of mental activity because eausnl ' 
chaitis do not pfovlde nu^h structure for such i^iformation. Consider^ 
the watch story^-' . , . 



One day John broke the^^iaalnsprlhg of -hisT watclu 
^ 1Ug\. neighbor,, a deati^lv fixes watcltes for a 
lipbby# John took his watch to the dentist 

^ - \ ^ ' \ - ' y ^ \ 

, In under«tan^|ng this s^xy^ on^ nakes rouglUy the foHovlng 
differences abcut John^s m^al procSssea: f 

' 1) 5qhn liked his^ ratch vheo 'it^ari> ' ^ * 

2) John's ratdh being broken nakes John wnhappy, 
^ 3) John*didn' t break his watch on purpose. 

4) John-ranged to, get-his / | " 

5> John knew th3^% the dentist fixea watches for a ; r 
hqhhyi'y^ ■ ^ * _ * ' 

6) Johti: thought that the dentist must gel pleasure fr^ 
^ " \ fixing vat ches> \ > 

7) Johh thought that the dentist, migl\t fix his %m.tch 
for the pleasure of it* ^• 



Tg see that c^ach of these inferences is made, consider Yatiations of 
the s'*.ory'whicK contradict each of ^hese inferences, fox exsaplet t<i 
see that the siacond inference is vaiid, cdnsid4r thl,5 variation.^ 



fi^e day Jolm broke the m^ixfspring of his watc^. : ^ 
John was very T>leased, by thjsi Ms neighbor ♦ a • 
^ dentist> fixes old watches for a hobby* John took * 
his watch oy'er to the dentist* \ ' 

Here *he contradictionjiorces us t^.thinR that, 11) John is strarige* or 
(2) Joha had been waiting for, ah excuse to visit his neighbor, or (3:) 
John has some sort of i^ac. in mind whi^ \fi^ don't kcidw^ about "yet* 
None of these" inferences were nade in t^e cont^t ol the original 
stpry» ^ y ^ , • 



Th^ problcaa with causal chains is that they cannot capture all of the 
inferences we would •like to malce in a story like this. Ihe caUsal 
chain representation for the wsitch stoty looks like: 



/ 



220 



. watcti Cp^ys state) ^ 



X 



Initiates 




John <«> IIBUHI) ^ j {!) Vatjch Cphys state) '^-^ S-T 

, - -I 



xesulte 



^Reason 



John C^^tai state> 4 

. |-<2) Dentist $Watch/Hol>by . 
j (3) Sentlst <«> SPiat.iE- Watch 



r-^ Dentist; 



John <«>^?TRAkS ^ Ua^ch ^ 



All o^ the 'inferences abojut John^s, cental state belong inside 
John's IfflUILD process. ' -tSiile the causal thain provides a place for 
all of the inferences about John'^ goals, desires ^ and taental , states 
(?dtfiin the MBUiLT) concepttiali^tion) ^ it does ^not specify ihow Uiis 
information should ^appear. The probl^ea we are faced wlt^^ is \*^t form^ 
these inferences inside John's.HBUILD should asauae. 

Each of these jaental activity inferences are i^elated , to each 
other^ by various kinds ©f causalities atid mental ^ttategies^ Taking 
the watch to the dentist is a subgoal of wanting to jjet it fixed. The 
generation of this subfeoal relied on knowing thc^ dentist ^fixes watches 
for a hobby* the strategy for getting the dentist to fix his watch Is 
to infora the dentist that the watch is broken. This s^ratejjy is 
expected to work because the cTentist presumably enjoys fixing watches ♦ 
John's tdtimate goal (to get the watch fixed) resulted froa the watch 
being broken^ Che broken watch displeasing John/ and John seeing the 
revival of his >mtch as something wh;lch will alleviate his 
displeasure* - . * 



All of this shoxd^ be present 4)^ the s^^oty i^eptesentatloa* Bat 
vhat fcinois of iialcs ekptess these ^oiatioiasfiilps? Sfttat is nissing is a 
rig,id structute for v^t. seas on iAsiae ah JfBt!n3)* I£ inferences 
abdui Jchn^s "^^ental Biate t^ere osnsjanized accord£tt$ tp a fixed set of 
structisr£L,iaws concetnin^^ ]^Qcesses» then retrieyal rules 

based cm^this structure cctdv !>e de?eloped for^rejtrlevlnst inforaati^n 
ahout -goals and notives* * ' * ^ ^ 

8*3*1 Han-BasM Retrieval Beuristics ' ^ ^ 

^ ' • - ' , / . * 

Soaet problems are solved by invoking reliable s<;ripts but others 
require ccfgnitive processing beyorril script selection ^*hlle it is 
cigar that pepple often InY^^"* scrl^t^^ for restaur ants, or food 
preparation in response to, their hunger states^^ it is not the case 
that ^ script can he invoked vhen yon find out youi: wife is c6n.spiring 
with • yottr best friend to nyrder you* If ve^^are kpinti to ans%?er 
questions ahout vity people do t!^ ^ things they do^ ve have to 
understand the planning ^rpc^-oses ilxich* are relied upon vhen there is 
no appropriate script for a given situation^ 6r vh,en a choice aust be 
nade froQ a variety of appllj:aible scripts^; " , 

Suppose vere Answering qt^stibns ahout^the foilc«in^ story: 

John needed to finish his article for the taagasine 
* by Friday* Tfe figure ' he had to wrk aCleast 
twenty hours ^ day to get it done*, and even then 
it would be clCose to the vire* , Every tine he 
becaae sleepy that he felt angry and anxious* 
But he finished it 6n tine* Ke case dovn-idLth the 
flu r^ht atter. the deadline and, was very^ ttmhkf ul 
to have gotten it then* \^ 

If ve ^nt to ansver the questions, ^ ^.^"^ 

Qlt Vfyy did John ge^v angry vhen he becasae sleepyf^ 
Q2s Why was John thaiikful vlien he got the fjrUT ^ 

ve nust first understand that anger is nop Sj^c^^on reaction to the 
daily need for sleep* In th^ saoe vay ve n^L realize^ that people do 
not nortaally experience relief when they get /the flu* These questions 
cannot be ansv?ered without accessing ^i^oraation froa the story which 
n^^es th^se causalities valid. EitWt the story representation, *6r 
additional world knowledge nust^wdicate that t^hese causalities are 
not standard atd need to be acco>ipted fojr hy special circuastances? 

The answers to both of i^hese' questions aust nake sppe reference 
to John*s overriding goa^ of naldLnfe^ . the deadline* Uis anger can only 
be understood as u resMtise to goal interference* Needing to sleep 
meant taTdlhg tioe^^awiy froa his wrk* This constituted an 
interference in hls^.^plan for making the deadline* Anger ,is. an 
understandable ^ction to goal . interference*. So an answer to Ql 
nust reference his threatened goal or the plan he invoked to achieve 
that goal: t ' * 
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He vas afraid li€i>x>uldxi't aiaiui the deadline* 

Be tietded to votk almost cimtin^usly.. - . 

Slailarly, aaavers to mist RccQunt for Jolia's oeatssl atatis in tftitia 
of Ms ptevioua anxiety, the flu does not norssjiUy cau^a tft^n&Si 
grsUtude. But if wa iraderstaod tlist the conseipj^ce^t of iiavlng tbe 
flu. vpuld have be«n auch nore sjerioua bad the struck k fev days 
earliexsx tbe^ ve caa. understand that 4iihn i^ , grateful for' that 
diffetehce of a. fe« dJiys: - 'V ' " • * 

If^he bad gotten the flu carliej;* l^ie vou*d have alssed.Ms 
decline. - ~ , 

trafercaces alternative course of events atrf conaaq^nt coat 
♦ failure 

The causal relationships bctveeii goals* goal Intcrferencea, plana, and 
oental state Ichaages cannot tje repreaented on the level of causal 
chains. Causal chains encode chrpn61«^ies of physical cveatsv laen 
physical events are interpreted itf texas of aotiyalions and 
Intentlouality, ^ are concerned vlth another level of understaodlng 
^ich,. is founded ^ on rules about people's desires and the" plans they 
itwofe to saitsfy then. I£ ve want to knbv why John .vas angry about 
becooing sliepy or vhy he was thankfni to get^the flu when he'^id, ve- 
nust look Inside John's head tod understand "what he was doing in teras 
of goals and plans. iJhere does tUs level of understanding belong itj 
a Story representation? 

^Wille all of jtMs inforssation can be appropriately placed inside 
John's HB0IUxr#, it sjay not be necessary to be quite so graphic about 
it. To put all of the planning inforssation inside John's MBDILD's 
would eatailg^placing a copy of the top --level causal cjhaln inside the 
HB'OILD act which wuld appear within a syntax ^or .Internal HBDHiDing. 
An alternative representation could avoid copyifeg the causal chain 
acts by oyerlaylng a systea of pllan-oriented iiiks on the original 
causal chain, Ihis new level of lioicages would connect acts in tersas 
of goal/subgoai relationships, goal/^oal Interference relationships, 
and other links which ar^ not appropriate for causal chain syntax. 
This latter approach is the representational systea adopted by PAH. 

8.3..2 Retrieval ^euristics in PAH , ^ 

?AM builds a causal -chain of events just as SAM does, but final 
story representations' generated by PAM also include pointers froa 
conceptual acts to various planning structures such'as goals, plans, 
subgoals,- and "goal interferences." This additional structure in the 
story represantation is exsaiaed by the retrieval heuristics t^tenever 
a why-question is asked. 

The only why-questions which hav4 been laplenented: for PAH are 
those which retain their iatltial conceptual categorization (Causal 
Aatecedent^or Goal Orientation) after interpretation is coapletea. 
Tor exanple, 'Why did John kill the dragon?' has the conceptualization 
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i. * 

repj^esfijitAns/^oha IdlUed the drasont* «a Its tmderlyiiig.^ question 
coQCt^pt, atid iii tmde)3tood to be a Causal Antecedent question^ 

Ihe first task o£ the ttcaory seateh •is to flt!d the ouedtiott 
concept In the story ' representation* This Is done by a 
straightforward taatchlng search* Once the underlying question concept 
1& found in the cau^'sl chaln,^ its Itmediate causal antecedents arc 
extracted iroc^ the causal chain of events* Each ot jthese antecedents 
is tV.en thecked to see if i.t i& tagged ss^ an act Which instantiates 
scKse plan* 3iny act which. ' is tagged as being P^^^ ^ ^pl^ 
^instantiation will have a pointer to this iiaw^iate goal laotivating 
that plaji* If a plan instantiation is found, its ' insediate gcjali is 
xettirned as the conceptual afisver* If the question type is Coal 
Orientation* the ansver is expected to be foxmd under the goal o^ a 
plan instantiation* If the questW type is pausai Antecedent, there 
is one core place ta look: vhen none of th^^tiirect antecedents yield 
a goal via plan instantiation^ then the saae list of ai^iteccdettts Is 
' Searched for a concept vhich yas taotivaied by a itate* If ,onc ^s 
foua^d^ its causal laotivatton ±a rdtunaed as the conceptual answer* 

* - * ' ^ "\ \ ' " ^ ; " ' ^ ; ^ 

In the dragon story* questions are .aaavered both in tert&Br ^ o^£ 
latsediate goals and^taotivating states: i 

John Idv^ Kary but she ^idn*t vant to nar^y h|p» 
One day,^ a dragon stole Kary froa the castle* 
John got on top of his horse and killed tite 
dragon* ilsty agreed to jo^rry hita* They lived 
happily ever after* 

^y did John get on his horse? . 

Betause^ he wanted tq be near Kary* 
Clactediate Goal] . 

K ^ ^ 

Wiy Aid Kary agree to- carry John? 

Because she vas^ indebted to him* 
tMotivatlng Stat^j] 





Vhy did John kill the dragon? 

Because he wanted Mary to not die* 

tlQxsediate Goal] ' X 

Ihe heuristics described above rely on four plan-oriented links which 
identify acts according to their jrelationshipS in terms of planned 
behavior* ^ ^ 

GADSEDBt - points to all direct causal antecedents 
PLAKHiSTAlfriATE r tags a conceptualis^atidn which 
instantiates a plan " ^^.^ 



- points to the* goal lseMh.d,a*plan ; 
V ^ instanUatipn ♦ " ' 

MLBAtHO^ conni&cts h laotlvatten to a " . • - 

* concQptualii^tlb'n ^ ^ * • . * 

* » * ' • 
This system of p^^an-bascd tettieval is a t^lntoal beglnniaK* St is fat 
Sxon iwhat will bo xtct^cd to ari^wet qucatldns iiko *1/hx was' John , 

^thankftil i^hon ha got tho^fl^t* iart o£ tho difficulty in specifying a 
QOta ^coojjlctc ^sat of tottioval hautistics darivas ftpq the fact that 
wa don't Icnow exactly vhat ^toty taprasantations should Ic^oK^ ^-i^^ 
laany casoa* A coQplata theory of pradlctlue understanding taachanlsma 
basad on plans is still under 4^valopnant» Va nacdrto process a widar 
range of plaivb^sed stories before ife can .identity "crucial problems in 
retjirieval and propose a ^conpleta sat of retrieval heuristics, foir 
Stories understood with plans » ^ . , , * 

■ 

8**4 Concluding Kctsarks \% ' * - ^ 

In this chapter we have outlined the coippHcatiqas Involv^ in , 
choosing a best ahsvar and. wa have described various approaches to the 
problm* ?ro« our laeandcrlngs we will emerge with t\?o basic 
conolusldns: ^ * , 

{1} Sone/forw of Vnowleiige state assessment it needed* .,^A capacity for • . 
knowl^ge state assessment Iran be Isiplicltly enccnied in the retrlaval 
heuristics (8«2«2}* But a conprehensive theory of knowl^tedge .M^^^ 
assesscient i^ill be ^esdod regardless of. hbu *its tales i$anif^|lE / . 
t^hemsHves in A i}/A system** In Chapter X<*n wa will look at some ot 
the. alfflcultics involved in building ah explicit, niodel of the ^ 
quc^stloncr/,a knowl^ge state* ^ , ^ 

(2} Our meracry representation must be strongly structured in the area 
of ^ human motivations > goals « plans* and reasoning. Causal Antecedent . 
and Goal Orientation questions often ,ask about hunan behavior* These 
questions rely on a thorough understanding of vhy people do the things 
tlfey do# »A % . 

In this chapter ve have seen how critical it -is for the story 
reptesentation to encode information about structures Internal to 
MBUILD*^s • In genc>ral ♦ the Q/A task is very adapt at de tec ting 
weaknesses in memory representations* In Chapter tllne wc will sc^e how 
Q/A problems have motivated a system of representational prltnltlv*es^ 



I* 



^he ^tLnADTO link uced here is not thn same as the LEADTO link which acts as an 
unspecified caUsal llak in causal chain »^syn tax* * 
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CQKCCPIVAL miHlTrVES FOR ''PHYSICAL OBJECTS 



tthon n clnoiB o£ tjucstlona la dlscoVcit^d vhlc^ intet 
• patticulatly v»W,fHcuXt to handle^, 'W is pc<sfaably 
bccouao' the mciaoty ropresentntlon. JLs .weak or 
Inadequate. , Soao quostloris Jtaye pcoved to be 
difficult because out racmory rcprcoontatlons do ' cot 
dea wi(.h, physical ^objcets vecy * aatlsfactorily. 
Conceptual, Dependency i is a» very dctloft-oFictttcrt^ 
roprdscntalionj ita primitives are aii ?rijaiLiVc 
Acts.. \ 

' In thl^ chapter ia ayatem of aevcn Objiuct 
' Ptimltlvea idll be >\proposc<I* When nourts ata 
rcpritaen. d by decompoaitlon Into ihcac ptialtlvea wo 
arc able to abc. conc^jptiml aimllatitica and 
differences between objccla In the aaiae way that the 
Primitive Acts of ^ Conceptual Dependency reflect 
cqnQeptual oifeilatitiea and diJEfdrcncps £ct«»en verba* 
For exanple^' a f&ucet and ah underground aptlng are 
coiiiceptually siwilar ^ccauae thdy Ate 1)oth bbjecto 
wftich corambhly 'produce'^ vatjst* The repreacntation 
for theae two conccpto' ahould reflect tliis alrailarlty: 

SU 'John drank f rod the faucet* 
Ql: What did John drink? 
Al; Mater* 

S2: John filled his canteen at the apring; 

Q2: Wltat dlA John get at the sprlngT 

A2: Water 4 * * , • . 

When wer-hear Si We infer that watttr cane out pf the 
faucet • A altailar inference is made for. S2 about 
Water coming out of s the apring. CSbnceptual 
descriptions of dbjects ahould encode the knowledge 
needed for inferericf.s of this* sort.: Furthermore, the 
organleatlon of this knowledge ahould be structured so 
ttmt .the sarae Inference nechan^sa which produces Al 
will also produpe A2« If inferences about differ^t^ 
bbjegts rely on differenC mechanistarf for each objtct, 
we cTo not have ? .very viable theory o;^.^i1ifcrfence; 
Processjas of inference should depend .on conceptual 
descriptidns of objects^lbut notjon specific objects 
themselves* Tfie Object-J^yfeiUv^^^ for a 

fiiycet and a , ajurlng oake^^iV^sMble for a single 
infer cnce'^jnechanlsm to w^rk^' in cases^ Object 

hrinitive decompostiaons^.n^^ a* repreaentational 
system J;ot encoding kno>tfp objects needed for. 

natural language processKig. 



9' * 

9.0 Tntroduetion 

Many Infc^ncos rely on foipwl<*d!ge about physical objecLe^ ^xA a 
nundaho under^tandl^is of physical catu^ajity* For exanplis, if Jpha 
drinking^ coffee In Urn back of a eat,^and tha coffee spiiXs vben Ithe 
c^ar hit© a bunp/ db^nild Infer mat the coU&t apllled bccaus^ tHe 
car hit t^a bunp* But IJf «te ware told Instead that the coffee ^pfllcd 
when the* car radio went dead> we would not want to, infer that the car 
*radic* going dead was JcffeAponsible for the coffee epliring* Iheae 
infetrencea cannot be.,made on the^baais of acrip^a* If, wv» put lato a 
rlding-in-the-car atrlpt all of the poaalble events t^icfi would result 
in liqatd spilling iroa an w^mn cpntalner, the -script would ojnMiin 
too much infdraation to be ^rkablc. fe^en If all that Infopatlon 
were pucceaafully incorporated In a car acrlpt* it would hav^.to be 
duplicated fdr a train acript, 4nd the^n a bus script^, etc» etc^^. 

People hrfve a mundane Jknowlcdge of physical causality whicH they 
uae In their in fcrcncing proceases^ Knowledge abo,ut ^zti liquids can 
'apill must be* general^ and not lied to Idl the specific situations in 
which liquids can spill (in car;^» trains/ boats, airplanes, etc.)* la 
order to build a natural language processing system, a knowledge base 
ifncorpe^ratlrtg this auadane, knowledge of the physical worW taust be 
developed «^ - • , ^ ^/ 

' « ' ' ' 

One general inCeifence ncchanisw should be able to recognise that- 
tt, full' coffee . mp' can iiptXl during -a buopy car ride for the nmss. 
reasons that can cause a full glass -of 'water to spill in a dining car 
wheh the train pulls out"^ But a general rule of this aofct requires a 
representational systca which recogr^lses how cars are similar td 
trains and how fHll glasses of water are siisllar to full coffee'^cups*. 
A conceptual representatd^g fojc objects i^ required for very 
fundaacnt^l recognition processes*. ^ • 4 

Yorick Witks tHilks 19763 pointed out a criilcal problcn itS the 
current formulation of ^script application which iilus^trates^!\the 
recognition problem nicely. ^ilks refers to a paper by Eugene 
Chatniak. {Charnlak' 197Sal in which Chamiafc's fortaulation i% a 
supernarke^ frWfe (script) inclines references to entitles nfce 
'biiskej..'' j?or exartple, the script will contain an act describing the 
sjtopper obtaining a basket. Wiiks asks (quite rlghtly>, how can s*ich^ 
a surface represenution fag Implemented in an understanding s^ 
w?iere sentences oust be recognized which describe the shopper g*^ ^ing 
a boX| cacrier-bag, push-cart, plastic sack, or ^ny*other nur>s»ar of 
possible carrying devices?'. J{ow'will the systeci understand that these 
Various Icseical items refer to objects >which should csatch the notion 
of a 'basket' in the supermarket script? .aiits criticisia Is just and 
deserving of attention. Wllks cotild have bce^ talking about sm^B 
restaurant script as well. But Ullks goes c to cite this faillp^ as 
a weakness inherent in the notion of scripts, when in fact, this 
falHng merely" indicates that we do not have an adequate 
representation for physical objects. At the end of this chapter we 
villi teturn to this probreo of script application with a solution 
based on a new representational systecai. 
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Ihe repreiseiiutlonal Sj^teci ii^e 0h4ill prdpoee* Is designed t/ 
faellltttte Infercxice proccswa* yoir escaapie^ in md^Btm^;imf ^Joba 
wfittfe to jblie state mi got ^oac nillk/ it 1« lnpor^£-£ to iafer t!iat 
the ©nk ±a In a tallk contftltrer* Jfe oae hearing that sestence 
lisaglues John ctippiug MaU quantity of alik in his hands* Eat,> 
^Joha wejit ^lato a fancy rcataurmit aad got a^e milk^'' should^fee 
naderstood to se^ that John ordered sose wflk 0ad received It ia a 
glass* People stake tafereacea of this sort as cooa as they hear theee 
£^eatencea* i£ these Inferencear ^fe aot oade^^ then the follovlag 
stories vould not he hothersose: ^ 

S3: John went to the store and got sosse isnfc^ 
2ut the glass was ^ery full s^^h^ spUled it on 
the floor* j . ^ Y ^ 

i ' I 
S4: John w^nt Into a fancy vja&tBwmt » atii got 
aone jallk* But the container vbu partially open 
so be asked for another one. -. . 



In S3 the referctwe to a very ftdl glassE \&leb spills doesn't oake 
eenae. Stores doii'fc suppjly silk in open glasses. Is 54 the aaffie sojcfc 
of eoa£u3iott arises. We expect Jolja to iig scMfed silk In a glass. 
tSiea we hear that , It caae Itt a. coatainer «s are forced, to conclude 
that the restaurant iSust e oore-llke a cafeteria than the tens 'fancy 
reataur^tnt' suggests. ■ - 

* ' - ' ■ ■ 

Object Prlattlves * * ' / 

In the saae ^ay that a set of Frlsaltive Acts have beea developed 
In Conceptual Dependency for the conceptxial rejircseatation of acts, a 
sec of Prlnltlvc Objects are used to represent physical objects. 
Seven prlnitlves will be proposed for r^resentlng physic^ c^jccts. 
Jjist as e verb Is conceptually represented by a d^oapositlon Into 
■prlnitUTe Acts, a noun Is conceptually represented by a decoaposltion 
into C^ject Prialtives. Khea two objects ar^ conceptually slallar la 
B<me ways and different la others, their Object Prlnltlve 
decQopositlon should reflect £hosc sistilaritles and differences. 
Object Prlaitlvc dec^aposltioa Is ver/ realnlsccat of decoapositloa 
Into Prlaltlve i^ts, but «ith^ one exception. ' JRaen aa object Is 
%leccapoBed Into an Object Prlsltlvc description, it ia usually 
described in tenas of siaultaheoos and paraHel Object Prlaltl^, 
This Is sotae«hat different frtei the prlsltlvc decoapoeaon of actions, 
vhere each verb receives only one ' top-level' Prlaltlve Act in Its 
decos^positioni^. 



E.g.. 'give' fe usually a top-level AHAKS with an lastruaeatai PIRAHS. 
Ifaltlpl^ Object Prioitives are not eabedded within a single hierarchical 
structure. 
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Ibe primitives propose here are <it«lgxied encode prototypical 
Inforsatioa about objects* Ihey reflect noreal expectatioxia vhlch 
people have ah.oiit fass^liar objects Bat ^rioraality'' is a ^ property 
tAliCfe* chaoses as context changes* l&tle alik is iforcally fo5cn4 lix a, 
Bllfe ccfrttairter la a store* it Is nons^fy fom<d in a glass ^*eit be±n$ 
eenred at a restaureat* Iherefbrc, Object Prlaltlvea rely to sgse 
ejcteat on xontlageat descriptions* Thai is, part o£ the ^fo^satloa 
in. m C&ject RciolUlve decossposltion thy be apj^licable at sose ti&es 
ai^ not at others* Tor exasple* an <&j/ct Priaitive de&criptloxv of 
xsilk vill encode the 'e^ectation tfiat a shopper in a grocery store 
viii find ttilk in a silk cc^ttsdEaer, bat e restaiOMeit^ patron expects to 
find nilk id a glass* " ^ ^ „ 



9»f»l MxiKC 




Shea an objfect ^ big enough to hold "It person it is often ^called 
a place* Ffcji a conceptual vleypofeL^.jrtjat is isxportant about a place 
are the activities vaich are prediet^iy associated with that place* 
Places like dining cars and groce^stoxes ^e cbaracterized by the 
scripts associated vith then* i&enf^place has associated kcflpts, it 
is represented by the Object >r5!Qitivc SmiKG* SETriHGs can be 
associated with other SEIXIHGs as veil as scripts* For exasiple^ a 
dining car is a S^IKG vhicb ^invokes "the ^ related SETtlKG of a 
passenger tralac Once tear that Jbha iff .in a dining car, 
fs»ediatety infer that Joha is^ a passenger Ccoach). train. If ve' 
bear a subsequent reference to t0.z traia^ there is no confeslon about 
what trains .V - * « 
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John waa sitting Ix^ a diaing car» The * train 
pulled out* . ' ' 

t&en the s^oni sentence references a train there- is no aiabiguity 
about what Und of train* We do not wonder if it is freight trala,' a. 
toy train, a subyay irrala, or a traia ot, thought* We tejre alrear^y 
beea told (by Inplkcit inference) that John is on a passenger train. 
The Object Prlaitiv^^^SriHG describes objects in terps of their 
^associated scripts kdd other ^SES^IKes^T 7 

[\<^dhingfechine 
/, (a SETIDJG with 

<Scripts - $Washlng&chine> 
<Settlng8 «^ocje, Laundry>)] 



\t is soaetices useful to describe a SETTING in terns of a single 
conceptual act as v-11. In tliese cases the slot aaae Acts is used. For 
exaaple, a sandwich has a SETTING description with Act « INGEST. We will 
see an example df how associated acts are used in section 9.Z. 3. 
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CDltxing Car * , 

<Scripts « ^estaijraatjt_§Pxeparefood> 
<Settlngs m Passenger Tc^ia>)t ' ^ ^.^ 

{Classrooa 

SEtllHG .WltV * 
^^<Scrljpts $T^acbin8>' 
<Settiiigs • Schdol>)l 



[Pen 



(a SETIING Vith 
^ <Scripts » $Pen>)] 



A SETTnfe- docs not need to bC;' a place; it is either a place with 
situational scripts^ or an object with ins trimental scripts. When a 
SETIING is a place (e.g. a coining car or classrooa) the associated 
scripts describe activities which take place within those SETTINGS. 
But when a SETTING is not a place in the sense being occupied by 

_|^JSopl£_j[£3^^ t'hen the^aaso.clated scripts 

describe the instrumental or functional aspects of that object* Since' 
the noraal use of an object can be described in terms ^ of a script, 
t^ere is no problem encoding^ such information under the jjrimitive 
SETTING* SETTINGS do not distinguish between places. wheVe scripts 

~^ke plac^Jijd^ objects which are the p:;lmary prop of* -a^ script. The 
scripts theSsetves^ make .tWLs distinction. A situational script 
describes an activity which comotnly occurs in a fixed situation^ 
while an instrumental script describes W activity which ^an occur in 
various situations but which requires a ispecifiif prop for its 
exilcution. Hence the "restaurant script depend^ on a restaurant 
locally but the pen a-:ript relies on only the presence of a. pen. 



.•9.1.2 GESTALT 



Kany objects are characterized as 1>eing something.^ greater than 
the sum of their parts. Trains, st^eos, universftied^' kitchens, all 
evoke images of many components which may interrelate and interact in 
any number of w^ys. The Object Primitive which is dgsigned to capture 
these clustering effects is a GESTALT. AU GESTALr objects arc 
described by their Parts.^ A^place ^rel^g^i^a tSEST^T jobjectj^se^ 
Parts include a plate, knife, fork, spoon, glass, napkin, placemat, 
and so forth. But a place setting is more than Jus€> the^ set of those 
elements. It is a particular configuration of those element^. If * a 
plate is balanced on an upside-down gla^s, we would hesitate to 
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recognize that as part of a places «ettlBjg» Similarly, a tr^n Is • ^ 
* thought to be a linear configuration of cars iiaually headed »by the 

engine; \z is not a set of cars piled \xp on top of each others 

• ' \: ~ Z ' " -^.^ ' '"h. 

- • IFreigfef Trah - * * ^ .1:^^. 

I 0 > ^ , ^ " . ' ^ . ^ 

J* ' ^a GESTAE with ^* 

'<Parts <• Engine car, Freight Cars, Cab(Oose> 

<Conf iguration « ^tinear string of Engtife,. * • 

- t ^ " ' 

freight cars, & Caboo8e>)] v , 

. * * enlace Setting * . ' * , ' 

. (a jSESTALT with 
* <Part8 -> Plate, ^glass, bowl, sllvervare, napl?in> 

<Conf iguratio4l « Racial configuratipn with plat^ 
at center, silverware lit right 
^ * * on top df^apkin, glass at-one 

. • ? * o\clock, bowL at^eleven o'cl6ck>)l 



9^.3 RELATIONAL ' - 

\ ^ 

«In addition to„pbJects which are described by thei^ components or 
parts,' many objects are described by the rclatiflnships they noxpaily. 
assume with other objects* dontaiilers (rooms, bottles, shopping 
carts, etc.) are described by a capacity for containment. "Supporting, 
objects (tables, chairs, ^.plates, etc.) are described by their atfilii.y 
to 'support other things. Hinges !support 'doors, bulletin boards hold 
papers J and blackboards .can be covered •with chalky ^ The Object 
Primitive which encodes prototypicaJ. relationships between objects is 
a RELATIONAL object. , ^ ^ 

_j All RELATXONAL objects have a Relationlink vhich specifies! tlie 
relation wWch the object normally assumes. The Relationlink value 
for a table wiJJ. be 'on-top-of vhile a bottle takes th^ Relationlink 
value . 'ins'ide-^f'. Each RELATIONAL ob'ject includes constraints t6t 
the relations specified under its^Relatlonlink. For example, a piano 
bench of the variety^rtriehJ:y)e^8 up has two Relationlinks: on-top-of 
and inside-of . But different ^onstfSltrts oper4t6 on the objects which 
assume these relations. *Some thing which goes inside the planb^ bench 
must not exceed cerjLfIn dimensiosdl constraints. A. firfal -aspect^- w 
, RELATIQNAL objects is the *-po8siblity pf instrumental objects which 
enable certain relationships. For example, a bulletin board maintains 
a 'st^pk-ito' /celstionship with papers but only if a thumbtack is 

ERIC ♦ _ . . ^ . . 
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[Table ^ 

(a REIAXIOHAL with ' \ 

<Relatioullnk « oii-top-ofi<)l 



tBlackb^Sird 
(a REUTIOHAL with 
<Relatlonlink ~ stuck-to> - 
<Co|jstfalnta « chalk>)3 



[Bulietiti. Board ' * 

- (a RELATIONAL with . * .*"• '>'*" 

* <Relatlbnlink « stucTt-to> ' ^ 
' ^ p <Con8traint8 « .paper> • • 

one aspect of RELATIONAL objects which may seen to dc $ nattxal part 
of these deacripticns «is the Wtlion of ^peciiltt defaults^ For 
exenple, an egg carton Is a ' RELATIOHAL' obj'ect with a* v^r/ strong 
tendency to harbor eggs. . Ihe idqa of default 'objects of jth*is soirt^ls 
a v^ty "strong, one whi6h .enables a large class of inferencea.. If. John' 
fills his tighter, it is atandar^i'to infer that 'the ltehter\waa filled? ' 
.with lighter ftuid^ " If a petj leaks,' it is expected' to leak ink. iShcn 
the tanV^' of a 'car ,isNfull, , it should be full of gatoliiw, iiiis 
characteristic is noit restricted to RELATIONAL oblec'ts, * however. A 
faucet is , expecte4*to produce water and a radio cos^jot^y coits ousi^ 
or^ verbal cooounicati....' 'The ideas of production' and consuaptioA-- • 
among' objects aoE^vattf th next two Object Priiai^ves. - \ ^ 

9.1r»4's'0UR'CE and COKSOHER • 

. A SOORCE is an dfcject which is characterised -its tendency ^to 
produc^c * other/ things* Sugar bowls are^rSOORCEs of sugar, egg cartons 
are SOURCES of cgga^, and fti^eta^ are SOURdlSs of vater* A COSSDMER is 
an ob4ecj which ^tends, to* consuae other things. A' drain cdnauae/J 
liquids and a slot oachine constdaes ^oins. Of co\itQ^^^^^L^%_j^\^i^ 
can also be' a SOtlRCE^L^ialns but tendi^onTthe average to be xadre 
-of-nr-eoSStJHER; / . • 

4 SOyiJC|-ds related to ihs objects it produces; W an Output link * 
wfe^e eoNSJJHERs have corresponding Input IJiiks. In adifition to these 
deifriptors, some SOURCES and CONSUMERS require Activation sctipts 

. ' : ^- 232 - [\ 
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5. V .1* . Sod/or Pei^ctivatlon sctCjEtta*. tor ctaapla, a radio or a ilght fixture l^f 
^' . are bodi aour«?a ?a»ich need to Jbe activated an4 deactivated. f * . ; 

^ '''' ' ' '-^ {Vine -Bottle ' ' - ' ( 



(a SOCaCR with 
<Output « lline> 
<Actlv<&tioa « §Pouir>>] 



I • - 



If' 



[Book • . ' 
(a SOCaCB vith 
<Otttpufc « Mdbj(3«:t>, 
<AcJtivatiott » §aoad>)3 



' Ca C0SSlS!Ha.viUi 
<J%put « l»etters5>)3 

£?CQ Cube tt&^^ 

(a SOUaCE vith 
1 <Outpi|t « Ids (^bce^) 
(a COiJSOHEa uith 

fSpoage . ' • 
(a SOUSCE vlth 1 

<Input » Li?juid!i> 
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(a SOUaCE^th ^ 

' : • - '\ f ' 

<a CONStaiER vlth ' 

<ZQput w Tbbacco> « 

^<Activatioa '«.5S^ke>)} , 



■jT 



Object ftixaitlves can be used to enzod^ conceptual aeneea o£ eome 
^erbs and ^jectivee aa .aa nduas. For cssiaaple, 'to mpty'. 

soaething seaas to use It as a SbimCE^ ''To fill' ^SOTicthiiig neans to 
uae ttot tiiinjj aa a COJS^Ki So If John ^tiea an ice bitb^ ttay^ we 
infer £roa*^tbi s6pCE de^riptl^n of an i^e lyibe trW that he got ice 
froa It. If John fUls an ice ct&e ttay^ ve^infet f^rcm the CONSIBiER 
ceacription of an ice cube tcay^that he^put vater In it^* 

. Khen objects are described as . $PURCS» ani j CQKSMBRs their - 
descriptions ar? necesaarily baaed on Egocentric ©cperietjce* Ihat is, 
the noBt coaaon ©sperieace of-, these obj^ct^s jsust dcfiilnate their 
conceptual description. |For' escaaple, nost ^o|le^ experience a i^ne. 
bottle ds a SCUSCE of vine* But it is. c^cetvaTt>le that a wine bottle 
i|gght be saore properly ' concept«ali;^d as a COHSCHJa* Someone v|io 
ySz}^ in a vinery j^nd fills the bottles.iut never drinks the stMf 
Mill ^ conceptualize a vine bottle as aore -of a COHSmiiSR than a SOMCE* 
Kpst people share a tremendous 'aaount qf episodic , kno>dedge» Since 
the infereaspes "aadc, in natural ianguage processing are derived fros 
this realsa of generally shared and cc«^oa essperiencc, the laiowledgc 
representations used in natural language prbcessing iaust reflect this 
body of cQcson episodic knowledge* ^ • / 

Ihls egoce'-trlc bias it^ conceptual^ perception has significant 
topact on ail of our inferencing fficchatfiasis. A. teenager of ten views* 
hicufather as a SOURCE pf aonsy* Ha can fehlnU of his father as 
soaeoae who produftjss raoney with ^little censideratiop for the reality 
of earning a living and providing for © family* A person ^*o does not 
B^ot^ but has to clean up ^after someone ^who does will perceive 
^ashtrays as s SOSaCE of djtrt. A personyvho smokes but doesn't clean 
up will perceive m ashtray as a COMSCa£S» Environaentelists try tt» 
convince people that the earth is not an endless SOURCE of resources 
and that it any not b<^ very bright to think of the ocean as a COHSyam 
of all cur wastes* People conceptualise *the world according to. 4imir 
isssediate escperience of it and therefore operate with something less ' 
than a global view of things* A garbage can is a COKSt^ER oF garbage 
since objects i^ich nakc it to the garb^fge can do not have to be dealt 
with anymore* Ihe fa^t'tbat garbage does n^ot taystically disappear 
froa the C082SOS is an intellectual awareness t^ich lacks the Iraediacy 
of episodic knowledge* 



9^US SEPARATOR and C0H1}SCX0R 

In causal chadba theory, states and acts alternate; states very 
jpf ten enable ^ct:?^and acts^r^sult In state changes CSchank 1973a3 • A 
state is of ten con^eptuaiay significant 'because of ^the acts it^ enables 
or disenables • Ihe last two Prliaitiv.e Objects are designed to 
* represcttt pbjecjts in terms of states wiiich enable and disenable 
'cdsLceptual act^s* 

A SEPARATOR disconnects two ijegions or spatial locations ^th 
tespect to "a Primitive Act. SEiPARATORs diiaenable specific aqjts* A 
qONNeciOR joina; two r^iohs or spatial locations with respect to a 
Primitive Act. COItSIOTTORs enable specific acts. Objects must assume 
a fixed \ ?tate wiieh being described In. ,terras of SEPARATORS and 
CONNECTORS. For -exjiaj^le, an open window is a CONNECTOR with respect 
to MIRANSing and Pl?RAJ8Slng'"betTCen th^ Inn^r and outer regions bounded 
by the . Window. A closed xrtndow^ig still a CONNECTOR with respect to 
visi^ MIRANSing ^^t t ;^J^^ a SEPARATOR with respect to auditory 
MIRAHSing and all PTRMlsfhg. An open wlpdoK and a^ clqs^d^ndow arc 
two cotifceptually distinct objects. Xt must ibe understood that an open 
window pan be. tj^aasformed^lpto a closed wiiidow, and ylce-versa, but 
the conceptual represeititiation of a window is ambiguous unless ve know 
whether the* winded? Is open or^ closed. 

A c^sed^ window and m open window are conceptually distinct 
objects because pf the diffj&reat Inferences whUch apply to ,each. If £t 
window is open we want to infer that air passes through <^ It and that- 
physical objects (of appropriate dimerisi<Sns) can be PTRA^Sed through 
the window. But ±i a wihdow is clotted; none^ of this should be 
assumed. Conceptual dAscriptlona of objects shouJUd distinguish 
objects in ter^js of valid inferences about those objects. 

[Window (closed) ^ ' > 

(a SEPARATOR with < 

<Disenabled « PTRANS, 

^MIRAHS^ Speak>) 

(a CONNECTOR wifc.h^ 

<Enabled « MTRANS Eyes>)] * 



(Window (open) 
(a CONNECTOR with 
<Enabled MTRANS, prBAKS»] 



V 

v.. 
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tRoad. . • 

(a CONNECTOR with ' 
<Sn&bled « $Drive, $Sicycl«, $Waik>)] 

[Cut (open) 

<a CONNECTOR with r» outside (huaa) 

<Enabled » PTRANS" Blood <-H / 

I ' . 

J 

'-< inside ^umO) 

/ 

r Inside (huaO) 

/ ■ 1 ■ 

/ ^ outside (hmiO>>)] 

[Bandald (on) > 
(a SEPARATp4 with ' _> inside '(.humO)' 

<Di8eQahled » PTRANS Germs «-j 

* L< outside (humO)>)] 

{Umbrella (open) - 
(a SEPARATOR with ^ humO 

<Disenabled « PTRANS ^ Rain ^ 

^< sky >)]' 

It is important to describe SEPAPATORs and CONNECTORS in terms of 
enabled and disenabled >acts. For example, a dog leash might be 
thought of as a COriNECTOR which fixes some loca!ional proximity on the 
? . ^ is < not a very useful representation In terms of 

fStfSius^ disenables the ddg Jrom PTRANSing itself outside a 

9.2 Applications for Object Primitives 

A representational system must be judged In terms of the 
processes which it facUitates. While Object Primitives were 
motivated by problefiis in question answering, there appear to be many 
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areas viiere they can be utilized.. Four* such applications vill be 
discussed: state descriptions, script applicatioBt finding ansvers 
for vhere-questibns, * and t^eneral inference mechanistas, A brief 
description of a problesx and an outline of the solution, vill be 
presented in each of these four areas. But fir^t, ve will look at a 
coaputer progrsia-*vhich uses Object Primitives in order to understands 

9.2a COIL "* ^ ^ . 

COIL is a nattiral language processing program ^ich ii^eaents 
Oljject Frinitive descriptions in its menory representations^ When 
COIL hears that John went into the kitchen and got soae oilU, a taeaory' 
representation is generated vhich includes John, getting a"" millk 
container full of milk out of a refrigerator. Bad COIL heard that 
John vent into a restaurant and got some milk, the memory 
Tepi:esentation would have involved someone serving John a -glass fiil^ 
vith nilk. COIL implements the locational specification heuristic 
described in 9.2.4 in order to ansi^er certain v4iere-questions. 
Inference mechanisms* like the demon found in 9.2.5.1 are used by COIL 
during the understanding process to "generate causal connections. For 
example one of the inference rules used hy COIL is designed to 
recognize that if a depleted SOURCE object is thrown away^ it is 
thrown away because it was depleted. 



Here is a sample story and Q/A session \^th COIL. COIL periodically 
flips between story understanding and question answering: 



John picked up a newspaper. He went from the hall into the kitchen 
and got some milk. 



Q: Where did John come from? 
A: THE HALL 

Where did the milk ccme from? 
A: THE REFRIGERATOR 

But the milkcarton was empty so he threw It out. 

Q: Where did the milkcarton go ^? 
A: THE GARBAGEBAG 
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' - Q: Why did Jolm throw the..ollkcatton away? 

■r ^ 

• ht becmiSe the hukcaston was ehpiy 

He turned on .the light and r^io* lieti he listened to qusIc and read* 



Q: Where did the xausic cosie from? 
A: THE*RADIO 



Q: What did John 5|aa? , 

A: THE^TOSPAFER"* ^' - ^ 



Q: Why did John turn on the light? 
A: SQ HE. COULD READ THE NEWSPAPER " 



Q: Why^ did John turn on the radio? 

* • 

A: SO HE COULD I AR THE' MUSIC 



HOT/ OBJECT PRIMITIVES WERE USED 



JOHN nCYEd UP A NEWSPAPER. 



An expectation is aroused that John may read the newspaper* 
This is done by activating the Associated Scripts under the 
SETTING description of ^ neiSfspaper* 



HE^'WENT FROM THE HALL INTO THE KITCHEN 

An expectation is aroused that John taay prepare food. This 
is done by activating the Associated Scripts under the 
SETTING description of a kitchen* 

* The context of a kitchen is established from which ^ could 
derive the inference that John is in a house. This context 
is established by activating the Associated SETTINGS found 
in the SETTING description of a kitchen* 
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AKD GOT SOME MILK. 



There was a milk carton with milk la It. This itifere^ce is ' 
nade.on tlie basis of the OutputJroia link tot ailk (this link 
is contltigent on the SETTING kitchen). 

Hiere was a* refriseratcr. This inference is* made oft - the 
basis of the Bcfaulttocatiott link for a iaUk-cacton (tfeis 
link is contingent on the SETTIHG kitchen). 

John moved the ailk carton -from, inside the refrigerator. 
Ihi'a ^is - the conceptual representation for 'gct£lng some 
milk,' given the last two inferences nnd the JKELATIOHAL 
description jf a refrigerator. " * ' • ' 



BUT THE HILFSCAKTON WAS EHPIY ... • " 

There is no milk in the Ailk carton. Xhc conceptaal 
representation for the milk carton previously included a 
SOURCE dessription with Output « milk. This SOURCE 
description is now rcsapvsd froa this particular 
instantiation of a milk carton. 



». SO HB THREW IT GOT. , " - 

* - * 

There was a garbage bag. This is derived *froa the GESIALT 
description -of a kitchen. 

John threw the milk carton into the garbage bag. \'Throtflng 
something out! invokes it deaon which searches for Vn object 
with an appropriate CONSUMER deecriptioa. GESXALT parts of 
tihe current SETTlUGs are examined. When the garbage bag la 
found to satisfy the requireaeots of the deiaon, it is 
Incorporated into the conceptual repreaenution for 
'Throwing it out.' 

John threw the milk carton may hec&usti it was empty. When 
the conceptual reprei«nUtlon for throwing the allkcarton 
away is generated, a dcaon Is triggered %*icb tries to 
account for irtiy things get thrown away. When this dcaon 
sees that thQ nilk car'tdn .la not realising its prototypical 
SOURCE description, it concludes that thU is why it la 
being sposed of. 



HE tmm ON THE LIGHT AND RADIO. 



There wrs a light fixture which begaa to cait light after 
John stitched it on. Ihls is reprca^ntod by Instantiating 
the SOURCE description tk>t the light fixture. 
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There a radio which began to produce either music or 
soiae ol^er Inforoatiou after John switched it on* This is 
repreaented by instantiating the SOIRCE description of the 
r^dio* 



THEH HE LISTENED TO HUSIC AND REM). . 

, The music cane frca the. radio* This inference is ionediate 

from the SOURCE description. o£ the radio* 

John's listening tq^ausic was enabled by the ra4io being on. 
This inference is nade by a deaon 'whlc^i examines fifOURCE 
deocriptions in order to account for l^abling conditions 
- underlying conceptuar acts o£ ATTEKDing. • ^ 

John's reading was enabled by tlie lighi being on. . This 
inference is made byr the same demon which connecfied the 
radio belong on with listening to ausic* 

John read the newspaper*^ This td-an instantiation of the 
reading script; The inference is ©ade or the basis of the 
original expectation aroused at the beginning of the story 
when John picked up thiT newspap^.* 

9.2.2 State Descriptions ^ ^ 

Kany States ape conceptually significant in tercas of inferences. 
It is perfectly reasonable to hear: ' 

SI: John opened the bottle and poured the u '^o. 

But it 48 raijch acre difficult to tiadcrstand. 

s 

S2: John rccorked the bottle and poured the ulne. 

SI suggests that John jHJured the wine' frca the bottle he opened* It 
is iopossible for Johft to pour wine frosa a bottle which he just 
stopped up, so S2 forces us to assusie that John poured wine froa eooe 
other bottle* 

Being open and being domed are isportant states h^caiiso they 
direct in^ference processes about enabled and disenabled acta. SI sets 
up an enabling condition for taovlng liquid frosa ttie Interior o£^ the 
bottle, ai^d S2 disenables tsovessent* SI cakes sense becausd"^ can 

A causal connection between opening a bottle and pouring its 
contents^ John opened the bottle so he could pour the vine* S2 oakes 
less sense because no such causality can .be inferred s it is not clear 
how corking a bottle relates to pouring wine. 

,A conceptual representation for states s^^ould raako it easy to 
rccognlxe t}k causal relationships between states and acts* It is not 
enough to tag a ecssory token with the descriptor 'Open' or 'Closed' 
'^Ince these state d^eriptors nem different things for d|^ffercnt 



o%Jcct8«% OpQa iccts^ open coats^ open tssbrellaBt dnd open electxical 
switches all ca^ry inferences uixich dra spaclHc to those objects* By 
Msing tbe Object Ftisiitives COMECX(Hi and SEFAHAKHlt tHe acts enabled 
and disenabled hy, these states alee Isssedia^tely apparent in the 
conceptual representation for these objects\ 

• • COHNECXORs and SEPAHAXORs^cah be nsed to describe the states 
""open^ ' and ^cdoaed*'' SOURCES and COltStBSRs can. be used to describe 
other states such as on, off :» full) and eapty» Vhea a radio is off it 
is not rdalixing its SODRCS description* Wien it^s on, it is. KheaV 
wine bottle is cnpty, it' is not realiadng its SOURCE descriptione 
Vhen if's full^ it is* a garbage disposa? is ost it is realizing 

its CONSUHER description* ' . 

Other Gsiscellaneous states can be 'described la tersts of Object 
Pric2itive descriptions as well* When the sun is ^up'^ iiTis realiiins 
its SOURCE description with Output » light and heat* f^ea Jotei has 
^his sunglasses ^on^ they are acting as a SSlkSAIiR which disenables 
the HRAKS of light £t<m the sua to Joha^s eyes* Vhext ^e telephone 
is f broken' ^t is not ^realixing its SETTIKG description with the 
associated telephone sc)dLpt* 

These state descriptions are uaaful because th^y specify in what 
S^y the state of a particular object relal^es to potential actions* 
'^y representation of states which do not lend the^^tselves to 
object«s];mcific inferences is a weak representation* Object 
Priiaitiyes provide a ctethod for state representation when the 
conceptual oeaning of^ a givca state varies over different objects 
which can asstrse that state* 

9.2*3 Script Application ^ 

* ^ ^In the beginning of this cliapter ^ alluded to a criticitsa of 
scri^its which was voiced by Yorick Wilka [Ullks 19761* Tiie problm 
involved a represQntatiooal t^akness in scripts when a script should 
rccognlre that ©oae obj^ts could be appropriately substituted for 
other objects. For exaaple, if John goes into a grocery store and^ 
puts itecjs in a cardboard' box or .plastic bag, the script applier 
should be able to recognize that these are acceptable alternatives for 
a shopping cart or shopping basket* If John goes into the grocery 
store and pioceeds to put itejjs irf the pockets of his coat, "the script 
applier should realize that John is uot acting in accordance with the 
shopping script • Other naaory processes should take . over ^ at this 
point to deduce that John is probably up to scaething* 

If the script Hpplier utilized Object Prictitive descriptions, 
there would be no difficulty in tltls recognition process. An object 
which can be used appropriately in the scrl:^*- is any which has the 
following f^*aturcs in its Object Primitive description! 
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<icts5i=^ ^ xm^' CMS? 

mn AIRASS OBJ «^ PRQm^» 
(a REUtlOaa. vlth * ^ 

<Helatlonllak = l3aaide-of>> 
(a C0SKH:JX(R with 

X 

<Inabrled - KlRAStS < Eyes>) 

* *"» ■ '* 

Ihes« Object P^issitive descriptions specify a container which can be 
carriad^ pusbsd, or. polled, and vfelch does not obsctoe or hide its 
contents Any appropriate stibstittCe for^ a shopping basket (a 
pushcart, boXi., carrier-bag, plastic sack, etc*) vHX aieet these 
specifications. In^prcprlate o^ects ''like pockets^ book shelves^ 
dnap trucks^ plates, or hollowed«ottt books* vill fail to uc^.t these 
dest:riptiye constraints* * 

OKTHIKGS:' 

Pushcart 

Box (if open) ^ 
crate 

carrier-^bag 
plastic sack 
basket 

SOT OK XaiKGS: 

pocket (fails Che COHKECICE specification) 
book shelf (fails the SBTTIHG specification) 
du3p trxick (fails the SETTISS specification) 
fl^te (fails the RHJtTIOKAL specification) 
ho21oved-cot book (fails the COKSECTOR specification) 

If a scti^ sprier ^codes desc^riptions of objects in teras^ of Object 
Pr^&aitives and can check Objec:: Prinltive decoopositiors of the 
objects nentioned in Input sentences, there vi^^l be no recognition 
problen when appropriate substitutions ior prototypi^cal objects can be 
tiade* 



Act specifiers described here have incotiplete instrisaent f filers • The 
fully exp^^^ded ^?€^r€^entations would describe PTRANSes vhich correspond to 
.pushing, pulling ^PROPSLs), or carrying (GRASP). In these 
conceptualizations, OBJ is a self-reference to the thing being described • 
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9* 2,4 Locatiqaal SpecJLfication 



tJpon hearing the sentences: > 

Jolm was sitting in a dining car* When the 
pulled out, the soup spilled • 

« 

the answers people give to: ' 

Qi:^ HhercL was the soup? 

generally reference one of two places: ^ ' 

Alt In a bowl. 
A2: On the tabl^e. 

VhBt is remarkable about this are all the answers which are not given: 
A3: On a plate. 

A4: On- a floor. , *• - 

A5: In the tjain. 

While 'In the train^' is a feasible answer to Ql, 'On a plate,' is a 
very strange answer. But what retrieval nechanisin is responsible for 
recognizing that Al and A2 are sll^hxly better -and more natural 
answers than A3-5? The memory representation which is generated in 
the c'Sursp of reading the two sentences must include some relational 
description which places - the - soup inside the train. This 
representation should connect the soup and trie train by a series of 
relational links specifying a. .path ^of objects which begins with the 
soup and ends with the train. If we generated a memory representa^on 
vhich used the relational links On-top-of and Inside-of, the path 
between soup and train would look something like: 

soup (inside-of)' 

bowl (on-top-of) 

pla£e (on-top-of) » 

tablecloth (on-top-of) 

table (on-top-of) 

floor (inside-sof) 

d4.ning cat (inside-of), 

train • - " 



Given this patli of objec-ts and relational connections • how is a 
retrieval heui^istin going to Know that 'in a bowl/ and 'on the 
table/ are good ansvfers but 'on a plate,' is not? Onex could argue 
that . 'on a plate' is not a good answer since the soup does not rest 
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directlj; on a plate^ But this is not a satifactory explanation » since 
the saiae reasoning could be used to argue that 'on 'the table/ is ftot 
a good answer (the SQup does not rest directly on the table either) • 

If an Object Primitive decompostion^is'uled in constructing the 
path from- the soup to the train. , the answers 'In a bowl/ and 'On a 
table/ can be readily preferred* A path . coasti^ction uti ''•'''.ing 
Object Prljaitives .begins with the soup, and goes to the nei:*- 
contingent object of contact (the'b^wl), but then recognizes that the 
bbvl and 'plate are conceptually grouped tQgether as parts of the 
GEST^LTr^object place^setting.' The place^setting is recognized to be 
part ot a tablesetting, and the tablesetting would then he linked to 
the taT>le Sy an on-top-di .link. If a Part-of link were used to 
inditate' membership in a GESTALT description, the path' from spup to 
train would look like: 

• 

soup^ (inside-of) * 
bowl (part of) 
* place setting (part~of) 
y-*** table setting (on-top-of) 

table (part-of) 

dining area (part-of ) * ^ 

« 

dining car (part-of)- 

* * * % 

train - 

This memory representation connecting the' soup to the train lends 
itself to, a very sample heuristic for answering questions about 
locational specification: when a path of locational descriptions must 
be searched for an answer, skip over those objects which are connected 
by part-of links. The two objects in the above path* which are not 
connected by part-of links are precisely the bowl and the table. 

The above heuristic will not work in all cases where a choice 
must be^ made in answering a' locational specification question. A 
complete heuristic will have to rank preferences over all' of the 
possible relational links which may occur ,in a path. But the point to 
be made here is that a strong memory representation will result in 
simple .retrieval heuristics. When peopla conceptualize the soup in 
the dining car they tend £b clump together the bowl and the plate. 
Since this conceptual clumping affects answers to 4uestions, the 
memory representation should reflect clumping phenojr,una of this sort. 
The notion ' of a GESTALT object can be used to clump objects 
appropriately. If further information were required (as would be the 
case if w^ asked 'What was directly under the bowl?') a memory search 

\ 



The actual construction of this path will be described in 9.2. 5. 2. 
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*on the conceptual notion of a place setting could be c6nducted to find 
out that - the bowl was on top 'of a plate* ' But tKe memory 
representation should not make this information predominant • We 
should be* able to see where the plate fits in. if needed, b.ut the 
concejJt of a plate should not as readily available as the dlSncepts 
of a bJwl and table*- . , ' * - ^ , 

9* 2; 5 Inference Mechanism^ ' . . , r ^ 

After reading: ^ ^'^ ' 

"John was sitting in a dininfe car* When the train 
pulled out, the soup spilled* 

it is natural jto answer: ^ >. ' • * 

Ql: Why did the soup spill? • 
Al: Because the train mdved* 

• " ■ '\ 

The causal connection between tj^e. train moving and the soup spijLling 
must have been established at the time' ^the two sentence^Nfere ^ 
understood* If these ^causal connections were hot continually made a^t 
the time of understanding, it would not bother us to hear: ' 



Jolm was sitting kn a^dining car* When the train ~ 
pulled out, th^ salt shaker exploded* 

This last sentence should bqther us to ^thfe extent that we '^an't 
account for the .salt shaker exploding* It was reasonable for the 
tra;lD''s movement to cause the, soup to spill, but it is less agreeable 
that the salt shaker exploded because the -train moved.* The causal 
mechanism'^ which try to tie conceptualizations together into causal 
chains cannot establish a sufficient causal link which accounts for 
the ^It shaker exploding* \ , . , 

In this section we' will see how Obj,ect Primitives can be used In 
the implementation of aji inference mechanism which will recognize that 
the train pulling out xaused the soup to spill. 

9*2*5.1 A Demon 

When something spills, we know that a aubsUrice of some eort' has 
been propelled from the inside* of a container to the outside. 
Purthermorej something must have happened to c^use -this occurrence 
since sjibstaifce^ don't normally behave in such a manner without 
provocation^ We 4on't know exactly what happened, but whatever* it 
was, it entailed mo^^ejnent on the part of the container. To paraphrase 
the Conce^t^iaJr^Dependency representation % of spilling, sone 
unidentified force either PROPELled or PTRANSed a'container which 
resulted in a substance PROPELling itself fr<m inside of that 
container* In order to differentiate spilling froa pouring, *ve will 
assume that the unidentified force is an unknown natural force* Since 
natural forces do not emljody intentional ity, we know that the act 
not intended by anyone. 
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SP 4=^ [PROPEL/PTRkiJS] 4^ cpntainet 

^ outside iCcoQtslaer) 



rjjj^resijj^i^ 



substance 4^ PROPEL ^ substance * •> ' \. 

*-< Inside (container)^ 



In our exampici ve vajit to iiltiisateXy identify the unlcnovn ^force as 
being- the train* Once tb^ tralti is knpvn to be the force at the head 
of the spilling conceptualization ». it ^11 be slnple to ansvct vhy the 
soup spilled. The Identification of the train relies on a dapacity 
for recognizing the transitivity of PTRANS over contalniaesit relations* 

If John puts 5 shirt la his suitcape and takes the ' suitcase « to 
New York, we should infer that^the shljrt went to New York as vell«^ 
But containment is noi. the only relation which can carry a PXRAiiS* 
Onr.top«*of. relations are also susceptible^ as wel}: a*s various adhesive 

kAation8hips# A mechanism which recogjslzes vtien PXRANS carries 
across objects will be essentia} In establishing the csusal antecedent 
for our spilled soup. We will re|:urh , to this > transitivity problem 
shortly after a brief description of the inference oethanisa% 
I * * " * 

The actual mechanism jrilll be a demon tSelf ridge 1959, Chamlafc 

"1972] which is created* whenever we describe an v unknown natural force 
PROPELling or ITRANSing. an object ♦ The purpose the demon' is to 
identify the unknown natural force whenever possible* 



THE S^'ILLINJS DEMON: 

It is CREATED whenever ^e describe: 

hT <^'*[PROPEL/PTRAHS] Object 
^ 2: is ACTIVATED whiSnever if flBds* ' ' 
X 4=^ (PROPEL/PTRAKSJ ^ Objcctj 
'finding' means: 
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a) search previous conc^p^talliatloiK^* 
If this la not successful » on to 

b) created triggers ur^der PROPEL and PISA5S 

■ -C 

so that a>^ub^questiy created raOPEL 
or PtSAKS will ictivate tbe iezztm.) 



3i OBce the dcaorr activated, it th^tt TESIS to oee i£ * 

i£ tljr'test succe«d0 tb0a the dccsoa by creating a ^ 
r^^ffiult ilak identifying tt^ pt'eviously tmkoovn 
force? ' " ' * 

X 4=^ r?a<?£SL/FrEiUiSJ object^ 

/ tpaopSL/FrsAfsi 4r^J^5iV^ 

la tl%0plU<^ M?3p problessp tt?a coaceptt^llsation for tfcs^ noxsp 
Bpin|^ csfsdtea ths spilllixg desoa (Object i Wpecificd comtAiner), 
>»d train gttlTiag out activates it ^Sbjectj «^ « tralst)* 

Ifecre ^r^ points to bo ©ade about this acehacisa^ Slrst, ^it 
^qot nate iBfer^mees about tha ?R01^Lling mAHSisg of 

^t objects tmtil it has to* M no seation is cuide of tfeo kai£e 
tfeo tables th^n no coaceptualikatiOB iuvolvlijg tbat fc^ife idJU be 
gi2Mrat€d. But should ui^aeploined* ao?€s;Mmt of the .l^ife atiM, 
cithiir fiubscqoent text or ^duriag 'nsestioa^si^^&tiag, thou t&ia 
i?ecbaxil£2i «ou|.d bo iavoted^ So tM© lu Q^uoxi^tSidty a retroaetive 
Hficlj^isss vfeicli i!s 6us£soij2d oaly i*oii needed* It iB very differeiit 
fjecsa a *^fort^d ^jafereBCiag' dovi&c i^iefe i^oisid go lato setioa 
vh^^ver aay objcMrt got tawed to ^at other objects j?ust have b^ 
«oved a cooscqo^xnco. A for^rd Itifaraiciag d^ico ^uld 
. Jto^dlately generate coRccptualixatioa© ,f<*j^' fei^ cso^caeot of overy 
6b3%t laferred tcr bo the train as oooa aa it bea^d that the train 
^edp tocid«^ta llks t3>liliog ©ro ospecially ;suited to retroactive 
jT'd^esM^ vts doo't mnt to generate hypotbee^ about overythlflg 

that aight pomihlf spill rehpom^^ to ^%^^w&mt of aay object* 

Ih^ i^'cotsd potet coscem^ tbo test parVoS the dmon. The imC^ 
doei^ not sp^elfjf a psritc»ildr relatiooshlp boti^ea (Object lAaM^^ 
^l^ttj^ It ts^rely i^^icutt^*. soae vegoa soitoo o£ dojwicdenco* -""^min 
iu^ Isitaisded . to fese^ t^^ apiliitig dcsoA sufficiently geoor^ »o ehst it 

accowt £ot a variety of caiusal cbains^i li-m ha^.^ opacified 
'lo^id^^of ' relat^on^ timn ^uli Smve fead to cfccate e^ipth^r dc^ou 
vith a0 *'Qo*t0j>-of' t«$M to tato care of c^^^ lite: 

Wxm JoM^bv^fkd it%Xrj the tabl/% t^4^ va«^ ixpilled*, 

Siuco b?ith4l«aons ^uld b# i4eo«iea|^ ^cept fr^r tfeslr tej^tG^ it eakos 
core s^oM to conaoiida^e ^^fcf^ l^at© 0^0 cec'Maii^" <ix^ leave the 
testing relatioa a Iffetle v:^m.- To rl^ify tfe<* tost it csay help to 
Ihiri^ of tho depat^fii^o .ti^stion as bo4©g eithi^r *Oa-toj>-o£' or 
^lnni^i!s*^<it/ li^ tho vmt c^ctim w ?«rin asstgis © wrfcabl^^ ac^l^g to 
iim ^oiS^Vol ii^ftlon of defesdetM^is vblch i« apT^roi^c late for ,th0 
l^feroxce 2se^b^i^» : 



9«^2»S«2 Prt» Soup to Iraias 

. la ^be XaBt s&ction m outlined roughXy what sort of a eauadl ^ 
nechimt^ in needed to und.^stsnd that the train isovitig cauaed tbe 
soup to*iiplll. But ve have oately cutll&ed the proceaa* How ve will 
ttsk precisely how n\Kh a device can be iiaplesiented* ^In particulatt we 
will decide ^at is tieaat by the nebulous dei^ndency relation between 
objecta* . • ^ 

la' our ei^^ple, we want to establish that the soup la in acoe 
sense dependent on the train • But bow can this connection be taade? 
In pemanent ecaory there will be associative links connecting 
objecta*^ For exts^plB^ it is not unreasonable to have a link 
connectins a dining xar to a jtrai£. JBut we can't ©3q>cct to find in 
e^caory a direct assoel^Ove fink connecting soup and trains* To get 
fro» soup to the tcain a path of connecting links tsiust be constructed* 
In ajbction 9»2»A we dijscixssei what' that path slight l^k like, but now 
we Qust look at bow that path can be copstructed* The co^utation . 
which creates a path aust be carefully con&Lralned Ijy context so that 
the proper connection can be uade without constructing every possible ^ 
associative path beti;«j€n soup and trains* It" will not help to 
establish a path which envisions cases of scxip being shipped in a 
freight train* * . » 

« 

Before ^ can describe the raecbanim which creates a path we auaf 
know a little acre about the associative links which exist betweeti 
objects in pettianent nesiory* In section 9*1*4 we saw how a wine 
bottle is described as a SOIiRCE with Output « wine* This description 
of a wine bottle effectively encodes an associative liijk fro?^ wine 
bottles to wine; if we exasxine*the conceptual description of a wine 
tntie, m get to wine^ But there should also be a link whic^ will 
aflow us to get froa wine to wine bottles; the conceptual description 
of wine should lead us to a wine bottle in raost contexts* In the sacie 
way, tbe CESIALT description of a tablesetting will take us^ to plates, 
but ttoere should be an associative^ Ipik f rca plates to table settings 
as well* And the REIATXOHAL description of a bullfetin board will take 
us to thumbtacks, but another link is needed to get frps^ thumbtacks to. 
a bulletin board* Before inserting reciprocal links in tacsaory, two 
restrictions aust be observed « 

(1) Sotsc associative links should operate in one direction oniy*^ 
For example, it is reaaoniible that a link should es^ist rrom dining 
cars to restaurants since a dining car c^ be /iasily recognized to be 
a type of restaurant* But it is not so clear that a link should exist 
froa TUBt^tti^tB to dining cars. If asked to enusierate all the 
different kinds of restaurants there are, dining cars taay not get ' 
inclined as an exaaple one thinks of when c*.asiderlng different kinds 

^ of restaurants* 

(2) Associative links may "be preaeot in soiae contexts but not ^n 
others* For/^aaple, in the context of eating at a table. It is - 
reasonable that there should be a link fron plates to * table settings* 
But in the context of washing dishes, it is less likely that a plate 
will be f€rcelvcd as part of a table setting* The organis^atioa of 
associatlvb ocaory should be sensitive to context* ^ 



The first restriction will , prevent us from postulating 
associative links arbitrarily vrfjenever a need for one seems to arise\ 
The Second restriction forces us to design contingencies in conceptual 
jaeoory* In the same way that the context of a story sets priorities 
on word senses for the parser {Riesbeck & Schank 1976] , the context of 
a stoti controls descriptions of objects in conceptual memory so that 
associative links between objects are contingent upon context* 

» 

There are £ow kinds of contingent links which can exist between 
objects outside of their Object Primitive descriptions. The .^ype of 
link which is used in an/ given case is deterained by the obj-ect being 
pointed to. The four links are:< 

' \ ^ 

Outputfrom. (points to a SOURCE) 
.Inputto (points to a CONSUMER) 
Pattof (points to a GSSTALT) 
Defaultjbocation (points to a RELATIONAL) 

The conceptiial definition of a prototypical object in memory, ftiay 
include one or more of these associative links along with default pr 
contingent' values* A contingeipcy in these cases is always described 
by either a SETTING pr a script. 

For example, the conceptual definition for soup describes a food 
which is Outputfrom a bowl during the eating script, and Outputfrom a 
can while in the SETTING of a kitchen or supermarket. It also has a 
Defaultlocation Inside a pot during, the prepare-food script. A bowl 
is described as a RELATIONAL object with Locationlink « Inside-of and 
as a SOURCE object during the eating script with Output « food. It is 
aleo^ Fartof a place setting during the eatinfe script and it^ has a" 
defaultlocation inside a cabinet when in the SETTING of § kitchen. In 
addition to the soup^ conceptual descriptions for a place setting, 
table setting, table, dining area, dining car, train, and passenger 
tr&in are also needed to establish a path from the soup to the train. 
In the following descriptions^ the Configurations of GESTALT objects 
ani some contingent links have been omitted since they are not crucial 
to the problem at hand^. 



[Soup 

<OirfPUTFROM » (a Bowl during $Eatlng) 

c 

« (a Can during Kitchen 

during Supermarket) >) 



In these descriptions is used to denote a script. Contingent 

specifiers which are not preceded by a are SETTINGS. The contingent 
links which do not appear specify scripts or SETTINGS which would not be 
active in the context of the spilled soup problem. A few irrelevant links 
have been included, but not all. 
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[Bowl 

(a RELATIONAL with 

_ <Locationlink ■ In8ide-of>) 

(a SOURCE during §Eating) - 

<PARTOF - (a PlaceS^tting during $Eating)> 

<DEFAULTLOCATION « (a Cabinet durin;?: Kitchen) >) 

tPlaceSetting 
(a GESTALT with 

<Parts " Glass, Plate, Bowl, eto) 
<PARTOF " (a TableSettlng)>1 

[TableSetting 
(a GESTALT with 

<cParts « a PlaceSet tings, TableCloth, eto) 
<DEFAULTLOCATION « (a Table) >] 

[Table 

(a RELATIONAL with 
<Locationlink « On-top-of>)' 
-<PARTOF « (a Diningarea during $Restaurant)> 
<DEFAULTLOCATION « (a Floof)>] 

[Din ing Ar ea ^ 
(a GESTALT with 
<Parts « (Tables, Chairs) >) 
(a SETTING with 

<Scripts « $Eating>) ^ 
<PARTOF « (a Restaurant during $Restaurant) 
« (a House during House) >] 
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[Dining Car 
(a SETTING with 

<Script8 « ($Eating» $Restaurant)> 
<Setting8'« ?a88engerTrain>) 
<PARTOF « (a Train during Pa8scngerTrain)>] . 

[Train 

(a GESTALT with 

<Part8 « (EngineCar^ DiningCar, CoachCar, 

during Pa88engerTrain) 

« (EngineCar, PreightGar, 

during FreightTrain) 
"* TfingineCar , Commuter Car , • . . 

during CommuterTrain)>)l 

tPas8engerTrain 
(a SETTING with 
<Script8 « ($Train, $Trip)>] 



ERLC 



These conceptual descriptions will be utilized by our inference 
mechanism in order to construct a path from. the soup to the train* 
Remember the original problem: 

John was sitting in a dining car. When the train 
pulled out, th^ soup spilled. 

As soon as the first sentence is parsed, the scripts associated with a' 
dining car are triggered. These are the eating and restaurant scripts 
which are found under the SETTING description of a dining car. The 
sS^S^« T^T ^he SETTING ol a dining car and any other 

bETTINGs which are found under tha- SETTING description of the dining 
car. In this way, the current context picks up the SETTING of a 
passenger train in addition to the dining car SETTING. The conceptual 
parse of the second sentence produces two conceptualizations 
corresponding to (1) the train moving and (2) the soup spilling: 
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(1) Train PROPEL <- Train 



(2) . NF {PROPEL/PTRAMSJ X, 



result 



' r» Outside (X,) 



, Soup 4=) PROPEL <- Soup 

■< Inside (Xg). 

When the causal antecedent of the^aecond conceptualization is 
generated (HP [PROPEL/PTRANSJ - X ) the spilling dcaon destrlbcd in 
section 9.2.4.1 is created. The spilling deoon then eearcbea the 
previous conceptualisations to see if it c«to-£ind soaathing of the 
form: r_^^ x 

X 4=^ [PROPEL/PTRANSJ ^ Y 

When it finds, that the conceptual iisatlon for the train pulling itself 
satisfies this description, the spilling dmon is triggered. It tausfc 
then test to see if the soup is 'dependent' on the train. Now we caij 
define what we nean by 'cjependent.' For one object to be dependent on 
another in the sense that this dcaon requires, it is nccfessary to be 
able to construct a, path of associative links between the two objccta. 

To begin the path, we start with the s<}up. Looking at the 
conceptual representation for soup, we sea that there are two 
Outputfroo links froa soup. One is contingent on the eating script 
and the other is contingent upon the kitchen and superaarket SEmHCo. 
In the processing of our two sentences, a dining car was oentloned 
which added the SETTING of a dining car to the imscdiate context. 
This SETTING in turn triggered the eating and restaurant scripts. So 
the only associative link from soup which exists in the context of our 
story is the link pointing to h bowl. We therefore infer that the 
soup cosnes from a bowl. 

Soup (Outputfroa during $restaurant) Bowl 

Now we examine the conceptual repre^'enutlon for a bowl and find that 
it has an associative link which is contingent on the eating script. 
This link compels ds to infer that the bowl is part of a place 
setting. 

Bowl (Paft«f during Seating) PlaceScttlng 

The conceptual definition of a place setting gives us an associative 
link to^ table setting-. This is a default link which operates in any 
context. ' 
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PlaccSottlttg <Partof) TableSettlog 

Ihe x:oacoptiial representation for a table setting spccifioa a default 
location on top of a table* 

TabicSctting (Defaultlocatlon) Table 

Bow when we look at the conceptual dafiMtlon for a table ve see that 
there arc t«o . paths which could be followed. A table is pairt of a 
dining area during the restaurant script, J»ut it also has a default 
location on a floor. 

Table -(Parted during SRestaurant) Dinlngte^aa 
Table (Defaultlocatlon) Floor 

•V 

If m follow the path out free a dining area, mo will get to a 
restaurant by a contingent Partdf link. If ve follow the path out 
fr<» a floor, wo will getHo a gennral xooa by a Partof link. Kolthar 
of those branches yUl t&h&'m to a train. In fact, both of theoe 
branches will torainate at the concepts rostauraat and roaa. In the 
current context no associative links' for .elthar restautaats or cooas 
exist. But this docs not acan,,that a coonccting path does not exist. 
We hav« constructed a path starting froa soup and fe^omd It out as 
far as it will go. Kow wb oust start froa ^the conceptual 
representation for a train and see if a path starting £toa a train 
wj-ll cross any of the concepts in the path generated fr<si th® soup. 

When wo went froa the soup, we followed associative liski between » 
■objects: Partof, ItefaulUocation, Outputfroa,* toputto (theUnputta 
link didn't arise la this exaaple). Starting froa the other dlb«;tion 
wo will foUow only tboso liska «hich arc In'tcmal to an Object 
Prialtlve description. 

Hheo we cxasslne th© conceptual reprcsoatatloa f^r a train, wfe see 
that it is a CBSXALT object vfeoso parts are contingent on the 
particular type oT train. The type of train ve are dealing with %& 
encoded uadcr a SETTIIKJ constraint. In our current context, wo are 
working within the SETTKC of & pseseoger train, this SESTM^C tcUs 
us that the parts of the train are an engine car, a dining car, a 
coach car, perhaps a club car, and vhatever other cars belong i^ a 
passenger traits . So each of those parts begin a path loeding fro- the 
concept of a train. 

Traf« (with Parts durlisg PasoongerTraJn) 

Engtoev BieingC^sr, CoacbCar* Clubciir* oic. 



nnu V0 ssiuit cxs^iim* ihQ conceptual r*ipre^oUkii^ns for tho mgLm car* 
tte dining car, tba ccHich car» and m forth. Each of therN? will b** 
CESmx object© ^tk various par to. So ii asotcso th^i tb<^ atc^ 
/>0tout 5 parts to a pasnooger train each of theiM? p^tn Hte 10 
parts of its own^'th^n there woald be roughly 50 dlstlf^ct paths 
otartiug irtth th^ train. Tho March ' iro?3 this e?Jd is grmriog 
cxpocoGttally, but it stops at the mc^ou^ ejcp3i^slo*i. O^^ic ol th^' 
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parta o£ tbe dinlog cnt !vlll be a dining arcAt nod tbla nodo 

BloiAgCar (with d Part) DinlflgArea 

The path I0 thotofote cmspleti^t thn Gpilllng dcsaoipiccido^ thnt the 
dmip. liJ ''dcpondcQt' <m tl«i txt^iut and the dezsoa acte by placing the 
traits aB th& actor in tbo causal antecedent for the apiUcd soup* Iho 
path Juat constructed aleo tella m that tba container £roa %ihich the 
aoup spilled mu a houl* 

' Train ^ PROPEL <- Bovl 
^ roiiult 

ill ^ Outirldc (Bown 

Soup 4=^?R0m^ 

U laelde (Bowl) 

Ihp path coniiiructing ncchan^tca used by tbla inCoroncct ssecbanlaa io 
rci&lnisc^nt of the interatrction aeairchea vbich Qul|.lian propeacd in 
hin oessantic ne^rka CQ^Ul^^ 1968J* But the uao o£ a concoptml 
roprea^tntatlon for obj eta an^^ tbn notion of contoxt^aeaaltivQ 
aooociiitloaa reduce the nusber of falae loada dras^aticolly* 

In the path propagation originating frc^ th& aoup» there are eo 
Qttltiple patha until tim fifth generation of llnka* At that point the 
acnrch lead to a dining area and to a floor* The aearch in thla 
direction vould then have two paths to follov in the atxth generation, 
bofck"^ vhich vould terminate at tbo aixlih gonoratioa* Cosalng froa 
tbn other direction, the patha propagate exponentially, but it tfoly 
tal^s two generationa tc »ake the interaection* In thla heurlatic, 
path propagation vill alvaya be voraer ceoieg doun tlian going up« The 
p^th gei^rated froD the bottom follow aaeociative linba %<teich are 
tightly coaotralned by context* The path frc«a the top ie alao 
conatralncd by context, but it will fan out whenever the parte of a 
CS5TALT hava ^^^^^ traced an thetcaae hero, 

ikiC of the difflculti^a in Inplcnenting ^teraection searches la 
hov to know i*«>n to quit and concltKte thftr« .4.8 no path* Quillian''a 
fofaalatlon of an In ieraection aearch never apecified how t^ aearch 
vould knov to give up. In our Object Priaitlve«*baa«d heuriatlc, it la 
Cciialble that patha generated fr<5« the bettor) vtll tersdnate by 
thctssel^ea (aa vaa tbo caae hi^re), aijd that path gesieration frea the 
top cobttd be «ffectlvcdy stopped after a fixed nt^ber of nodi^at had 
bc0n ySucbed or a fixed ntraber of gcnoratlono had been propagated. 

By vaiDg aaaoclative netvorka t^iich vary accordir^g to contextual 
C0o,4trainta, th^ aearch ap^ce in m aasociatlve oraory ia gjreatly 
dinisciiahed. A aearch through aaaociatlve iinka iihich la aenaitive to 
context can be tightly directed md therefore avoid exmsining coorepta 
vhich are coopietely irrelevant t4 the situation at hand. When 
sosooj^e la In a dlnjtng car and goup apilla, there la no need for 
tscaory to be concerned with cratea of aoup\in a freight car or cans of 
sotjrp In a auperoarbrtt^ 
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9»3 Conc^iisioaa ^ ' t 

Iho syaied of Object Prioitlves ptesonted bere can b<^ exploited 
in a vaviiJty of ways to handle nmy teauss In knovledge 
reprea^otation* We bavc seen a fov concrete applicationa of Object 
Prlaitivoa In the taska of text imderatanding and question answrlng* 
!tew w vill atop back for a noasent « a look at Object Prlottlvea frosa 
a taore global vicfjpoint» 

9#3»l Theorlea of Haaan Hesiory 

The lltorature of cognitive paychology is leaded vlth theories of 
htnan ncaory* Inf^mntlon is not atored in cseaory in isolated bits 
and piecea; thoro appeara to be a coheoivo atrncture which connects 
everything according to aocie ov^irali organiration* There are th^ee 
types' of QCQorj^ which are cmscaonly recogaited within the artificial 
intelligence paradiga: acaantlc Qeiaory» episodic qmoryt and 
associative cioaory* Eedc^ I^lving (Tulving 19721 proposed a 
distinction between seaantle aeaory and episodic tacaory* The work of 
(^illian fQuilJ^ian 19681 is usually described as a ti<Hlel of seaantic 
omory* The knowledge structiirea of scripts anU plans [Schank & 
Abelaonl aro ocdels of episodic ©eaory* John Anderson and Cordon 
Bow^r [Anderson & Bower 19731 have proposed a ccciputational nodel of 
associative emory* As researchers in natural language processing, 
the key question wo oust ask when evaluatin,. a theory of huaan omory 
is; • - ^ 

How can a proposed taodel of husian nmoty be used | * 
by processes which understand and gcoerate language? 

■ " ' ■■ '' ' — " ■ ■- - ' ■ ■ . ■ . ■, ji. II . I 

This question deCines a process model approach to the probim of 
understanding huraan ncaory organization. 

In the foroulation of Object Primitives we tiave developed , we are 
proposing an organlnat tonal structure of associative links as weU as 
a rcpresenut tonal systen. There are •wo fimdassontal differences 
between our nodel and the meoory Qodels of Quillim^ or Anderson & 
Bowc»r? (l) the uso of contextual ly-dynmic ramory organiration» and 
(2) prii3itlve dcfossposition in the underlying rspresentation* In the 
next tWo Wet ions we vill discuss the advantages of these features In 
teres of cognttivr process ciodels,^ *- 

""^t"**- ~ 

^ 3.2 Contt^xtually Dynaalc Hcss^ry 

Object Primitive doacrlptlona cdn be connected by contingent 
links wtach are sensitive to context. That is, an associative link 
?say cj^lst In one context, but not in another. In the cont<axt of a 
rf»atrturani» there la nn associative link between »ilk and drinking 
glasses, in the context of a store, ©Uk is linked lo a Allk 
container. In the context of a dairy barn, cxilk Is linked to cows. 
This deans that the structural organisation of ©mory Is a dynimlc 
aystcn which altera Irnolf as context changea. 
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ProQ a processiag point ofvyiev^ contexttjal constraints are' used • 
to control searching strategies^ The path generation described in 
section 9*2*5»2 exeaplifles contextual control* The basic aethod is 
an ^intersection search [Qullllan 19681,* but with one ^critical 
innovation* Intersection searches t^nd to grbw exponentially and 
cover ground vhlch should never be touched. In a sufficiently limited 
knowledge dcisaln this nay not be an issue* But for a large knovledge 
base (as ±u needed for natural language processing) an exponential 
search strategy is not a feasible processing technique. Contextual 
constraints of tb- sort outlined in 9.2.5.2/ "dictate a tightly 
controlled direction which effectively renders the search blind to 
paths which cannot possibly work in the r irrt^^t context (like finding 
soup being shipped in a freight train for the soup/ train problem). 
Contextual control has been thc^ key to 'a number of problems In parsing 
fRLesbeck 1975, Riesbeck* & Schank 19763 and inferencing (Schank S 
Abelson 19773 • ^ It is therefore not surprising that contextually 
sensitive neaory links should also b,e advantageous ' to theories of 
cognitive processes. ^ ^ 

The -question 'Where was the soup?' opened up an entire strategy 
for examining associative links in ciemory. Locational Specification 
questions can tell us about the comparative strengths of associations 
in raesory. Grice ' tCrice 19753 has hypothesized a set of 
conversational postulates which contained some basic rules of thumb. 
One cf theta was 'Do not state the obvious.' VSille this is undeniably 
good advice, he offcjred no hints as to how one should go about 
deternining the relative obviousness of things in any given situation. 
Hare wa have'a representational systen which can reflect some relative 
strengths' within associative links. A FartQf association is a very 
strong link because it is usually independent of content and is 
therefore liable to be a very obvious ass<{ci^ion. A stereo S2t Is 
expected to have speakers, an aaplifier, and turntable or tapedeck no 
aatter where it is found - in a home, store, or recreation center. A 
Defaultiocation link Is more likely to be contingent on the current 
context and therefore less obvious in the sense of general 
associations. We can predict milk to be in a glass, a milk container, 
or a cow. But these predicitions are dependent on SETIINGs like 
reatawantB, Vtores, and dairy farms. Outputfrom ^and Inputto links 
are liable to be more obvious since they are less sensitive to 
cQntext. Ice cube trays are typically filled with water or ice no 
matter 3^ere they are. 

We have already seen how the relative strengths of these links 
can be exploited in memory retrieval. The locational specification 
heuristic in section 9*2.4 is based on a preference for Outputfrom and 
Defaultiocation links over Partof links. If we hypothersize that 
Output frcKS and Defaultloction links are 'less obvious' than Partof 
links, then this would account for the natuicxlness of 'In a' bowl/ and 
'Qn a table,' as answers to 'Where was the soup?' It seems promising " 
that many mespory phenomena may be explainable in terms of a model 
which is very fluid in its sensitivity to context. While -the specific 
links proposed here are totally intuitive and not backed up by any 
pyachological data, a model for associative memory constructed in 
terms of Object Primitives could readily accomniOdate psychological 
data. • ' 
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9.3.3 primitive Decomposition - Why Hp It? 

Whin initially confronted %with primitive decomposition as a 
theory of cognitive Rjrocessing, a coiraaon reaction is 'Why do all that 
work? -cit seems like so much trouble,' This impression results from 
a certain near-sightedness. When one begins to hypothesize specific 
m€(chanispi8 of inference and recognition, the advantages of a 
cd^nceptual representation become apparent. But without this wider 
vi^w of the prooesees we would like to account for, decomposition may 
indeed seem to be more trouble than it*s worth. 

There is one inference mechanism in COIL whl^li is resj)onsible for 
recognizing the enabling causality between the lighfc being on and John 
reading. This very same mechanism is responsible for establishing 
that the ^ radio being on enables John's listening to music, ISie saifte 
mechanism could find the enablement between a flashlight being on and 
John seeing, a car running and John smelling gas, or any other number 
of eilablement causalities, ^e^enerality of this inference mechanism 
relies on the use of primitive descriptions of ^objects and acts. It 
looisTlEor .SOURCE objects and ATTEND acts. 

Consider what would be needed if we did not have a level of 
conceptual description using primitivias. Say we tried ta manipulate 
purely lexical entities like 'light,' 'car,' 'radio,' etc. Then thefe 
is only one alternative: .a specific enablement inference mechanism'is 
needed for each pair of words which can be related by enablement. 
This means that each time we add a new word to our vocabulary, we have 
to add a set of inference mechanisms to cover that word. The number 
of dnrfej^nce mechcinisms needed will grow linearly with the size of our 
vocajjulary^ This has a disastrous implication for theories of 
learjiing: the more words you know, the harder it is to learn a new 
**o6ei 

The semantic system proposed by Katz and Fodor [Katz & Fodor 
1964] is an' example of a representational system which is essentially 
lexical. In their representation a dictionary definition for a word 
is a case frame descripL^.on with semantic markers constraining the 
entities which can appropriately fill a case slot. C^se frames 
specify grammatical cases like 'subject'" and 'object.' Semantic 
markers are lexical descriptions like 'higher animal,' 'physical 
object,' 'large,' and 'aesthetic object,' Projection rules are then 
responsible for checking semantic markers and making sure that words 
are being combined 'legally.' 

There are a number of differences between the Katz & Fodor model 
of semantic representatiori and the representational system being 
proposed here. 

(i) Semantic markers are oriented toward finding legal 
^ord combinations; not toward representing the meaning 
of a ^ sentence. Semantic markers have no way of 
recognizing that 'John sold the book to Mary,' and 'Mary 
bought the book from John,' are almost idenf^cal in 
meaning • 
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(2) Semantic .markers do not encode knowledge about 
conce'pts^ There are no conceptual prototypes in the 
theory of semantic markers. A 'ball' ' will have 
alternative definitions like [for the purpose of social 
dancing], or [having globular shape]. These are 
standard dictionary descriptions which are necessarily 
circular and cannot reflect conceptual knowledge. 

(3) Semantic markers do not encode general knowledge 
about the world. A semantic marker theory will find 
'The mouse chased- the cat,' just as acceptable as 'The 
cat chased the -mouse.' 

(4) No theoretical structure is offered describing ' what 
semantic markers exist or if there is a taxonomy of 
markers. 'Pretty' would be defined to modify things 
which are (Inanimate V ""(Male)). The sense of 'addled' 
which means '^"totten' would have to take the marker 
(Egg)» ConcSptua'l featuSes'^'Clnanima'te , male, etc;)^ ar-e 
being confused with associative links between words 
('addled eggs'). 

(5) Semantic markers were conceived for the task of 
determining whether or not ^ single isolated sentence is 
'grammatically acceptable,' or potentially arabdguous. 
This task has little ^o do with the cognitive processes 
which understand and generate memory, reprefentations for 
text. For example, there are no systems of inference 
based on semantic markers. 

The major challenge facing a theory of natural language processing is 
the problem of inference. When are what inferences rsade? Ksere do 
they come from? How are they used? We nfeed a strong theory of hussn 
inference which operates the level of conceptual aaaipulation* Aa^p 
theory which is formalized in terms of lexical Gsaiplulstions is 
t^oomed to failure in a system with a large (the size of an &dclt 
human) vocabulary. 

If we use primitive decomposition, we ne^ only cn« inferc2ice 
mechanism for recoglniizing valid enablene-t causalities better* SiM2^£s 
and ATTENDS. We add new words to the systea, acd the ortsisi^ 
inference mcchaniaa will autocratically extend to tbt cc^z^vs 
underlying these new words. The amount of work involved la Icaraic^ & 
new word stays constant: all we need to do to sdd a nev vor^ is to 
add a conceptual entry to the conceptual dictiosxaries for parser 
and the generator. We do not need to add new laferezte seo^^^lssrs t^: 
make more inferences. 

In the soup/ train problers we saw an exssple ci xrtew:« 
mechatfism which operates on the level of cocieptJAl TeTT^.^-^r^tSiii^T . 
the spilling demon (see section 9.2.5. !>. Ibis aechjs. ynll ^c 
sufficient for understanding how soup c^n s^rlil is s traxn. ccitt^c 
can spill in a car, how a vase can spill if scci T.-t xaxlks izto t^s? 
table it's sitting on, how a bucket can spill xi xi^s ^t^i^^^^ 
innumerably many other spilling situatic^as. It v^ulc urrcs^^i^lr tj- 
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achieve this sort of s^erallty if ve ccalis't rcci?gnire ceaceptsisl 
entitles lite SSLMiaSJa objects, SSOKX atsd FXEiJB^ 

la the lc2g rxn, ^risiitlvc doc^scpositlca is a very eKe^tive ss5 
efficient ray to t.'^ode istfcn^tien* If isfatMtio;^ is 
aaai^ilated csa a ccocej^tusl lesrei, the processes lAlch m^st t'e ^evisei 
vtll be Qtnssely specific ssd ?u?a-C3£^ea31hle 's&ea the J ^Cf^ledge b&se 
is lacrc&sei* ?risit±^e decoc^pcsitlsns' ptrCTiiSes a very pcvj^xfol 
representaticnsl systess in^catssM^ the procbsse^T ^&lcb r^Jbgtd^ 
ts^nipolste frlatttlve desc^ristloiis vtll be gcaer^sl 5^ extes2ible» 

The use of C%Ject Prist! tiv^s is ssstur^JL lecg^iiSge^Frci^esslsig 1^ £s 
area vhieh desires f^^ther sttsratlc^, A uccber Isteremrj 

Bat cxplct^ti^c^ cf 0b^€»ct Prlsrltlves snS ^their esse in general 

4a£er«ce-«?edba:ii^5S Is SD^t^ tbejsls by Itfrelf* |fee cotic^a' cf 
^^bject Prlaitlvcfe i^itrodoceS feere sssi::^?? tc lil^tr^te b^w ewlly 
•:'iie 2s-cTe frcss pr^bters ^ ^aesti^^s «aswsrlrs t^^ f^rc^blcss ef ccs:??:^' 
represestau^a. S^^es ^;:.:>£^ti^:s szs^rL^ feeur*lstics bi^iiis^e terfibiy 
coc:pIic^t^» it tssy be that the i^^rjp r^resestatict^ ^ts tr^sie^t^^''^ 
^^ez «e triei tc de^^eic?- bej^-istlcs ts? ^rg«£^.r :^er^ ^^^K, it 

vss ^^p^c^i t^at ttds &a^wer cz-old r:;. i^^rl^ai ft« ^^:^ry 
re^rc^:atatir^ ^ cri^lx^l'^ bsd, I: fJhli*^ way,- thr *s3e<:-tlc?^ aKt£:wert:^ 
t^.]fe ; reticles & c excrete cnt^ri^^ "-^-^ ^^g^gi^ nirczs^^ 
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* tfee l^t frw chapters \ki h^tL cx«±j£cd pra^lt:^ iri ©cs^rr 
rc?reseatatJU?ti ^ retrieval fec^istlcs tA^xcb src central isig^^ lis 

few of these arc euttfcea t-e«*^ The eba^ter vlU cic^?^tfe « brief 
iigrcs&lcr cm tl^ cetfe^oicgical psrrdism of artlilt i*l istteiligi^sxc 



Ccrs5lstcr-^y Checks 
Thrtc are dlf forest layji t^at q^sttai5S v«l3> fill t^ cste 6e^«. 
Qi- tf^v Jcte fell fer^^^ 



A q^sti'*!!;^ iaile to ©ease vfecrt^rver 
t^c f?ccr«si35g of that q*iestl2sn le^ -r^ks 
for f^c rc^eofs* 

i^iE it tab t-« IT* *#***'ilr*%«iH^i* 

f^occ^^ls^a fat^^rc^ c^!^ o^scar *t different stages wlt>^l?i tbd 
cr^crall ^roceliiti £^*iSei# If a qt^istldt? s^te ab^at Jotest tbc sy^t«3 
i^t:^"t tec!^ viJ3 Jolie isi tte Issterprccive prc^csatsf^ of th^ <iKic6t^6n 
vlii fcreiik ««dv?5 duri^^j t^ tiiter^i^ *£iitioQ c^f tteD l^^irl^l p^n^i «a 
t^^orv- toket^ far « -^jss^ Jj^tei : I fee f;VJStS, li ^ ^^u^sU^^s «sk3 

jDto H*t Ha^rr* tne §>^tC5 doee^'t te^ th^t I-rs^hra fxit Hiry» t^-^ 
pri2tf^l0g Will brMkfic^ durJujg W scsiorf i ^r^rcb- no ^fj^t k^y 
will bi: f^*j:fd fv>r qi$eatio?s ectti^^^pt^ ^ 

vfe^i? fcople c^*t «jrt?er a Qt^^tl^^ bcc^^e it dotf^«^*t c^Vc ^sice 
t^t::^* t^^y ce^ ide<5tif> v^'^t*« ^01^ respond accord it?^? If* 
Ub atr; Q35f^rs i^kfe re0|^^ to pT0SJ^es:l^5g failures^ Ihe^^ 

vtip^lgirriC^ C^xtks are pto^^t^r^ ct^fc^^ed iHfawafe^yt 1^0 pt^tm 
%MtH g^^raie 4|?jjr0f « iats f«s«5o'ft^.fe v*iai^ef ptoc-ieg^i^^ btt^k^ 
i-yk^. rhefe CoMiat^iscy €fc«kg fsr i^ierprctlvo breakdw^^ A»5d 
fcriibsn vifHi^ tho sf^orf i^^rcbi Hsst C^t53it4iti?*^§ y Chc^ka are 
pa.nnivc &?sd arr trlgg^^resJ »>ni:^ ^ q^^^tim as^i^rlsig f^rt^cii^d 




^ tha gsas© diat it fc^lgseea «M^y If tfae iaatctil«g gtusrck/ fails to 

* fiud • aa aasw^^ feey, :^is i^sei-?© peocass i«>ul«} Be ccsgonaible for 
objecUng to (fllid. hj^fe l&seyft whea feaSn't hit Kary, &it 

Coasisfcency Giccke *aasfc be^ctiv^y iapXeaeate^l.^ For exeaple, aa 
« active teftsiateaisy Cfe«jcS for Estjicctatfoma qeaetioss east be triggered 
t«ieae¥0r tfe© qttssti6a coacepc fo? «a StpccfcatioBal atjestloa is^ foana 
la amoKy. 'Miy dSda^'t Joha &ifc Haty?' tsafcas ao V^es if Joha didC hit 
^tf* ' V • 

Iir'tfes CJKsputeir psog?!^ Isspieseautioa ©f (^mii for Sm a,x^ PAH, 
^ pfflotlty was giv^ to ttta st&cessful proceasiag of quantions whlclj 
^ataxc fi«a§§ ^as opfoecd to fefej&e v&ich dba't aake a^ase). Sjereforft ao 
Cooirisfw^cy Check neuri^fcics have beea fe^m^ted ia (^AIHe ©a* 
dealgn of Cdasieteacy Qjeek pcoc^uecs is a probl^-. sdioso soIutSoas 
win aatttsfally f^l cm. feces the pro<^scs aeslgaiSS;to h4jsd3le seasible 
qufisfeioafi!, Sli^t Is, if w uade?sfe|Bd feow to /aaassaer all. of tba 
rc?Booablo quhc&ioas t^ich caa be of a story, fcfeta i&g 

• additiomsl iJSocessias needed for latfiUigcai respoase& to aateasocabla 
questlcas-vi^ bo obwiotts asd «as^© gdd» • - 
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10*2 Mod^iiig Ksimdedgc^ State*? 

Ojapfcec • Eight i^ discussed reixleval heerlstic-bascd 
strei-.«SiQa for feaowii^ge state asssssaeat ia qussfeioB aast^riag. Bat 
tfease «e liasited ctir obeejcvatleofi to ^at caxk be iafecrcd frta a 
single isolated qeastioo. Xa mt actual qooetion aasis^clsg dialog, 
pa9ple keep track o£ tbciafoKsatioa ccstssaalcated. So huasa vIU be 
. coatiiat to loop iadcfioilely: 

• Qi ?fho Mt mrfl 

M Joha. ' 

Sho hit n&tfl 
k% 1 just cold you. Jofea. 

The isspati45aco people e5ep«rieoce vfeca tfeey are asked tbc sasjs question 
twice is a "byprodwit of prccesMl ijhich build asd cfeeck Bodele of 
otfeesT peoples' knowledge .states. 

la coBee«ait question aafi«eri»g dialogs* «j«estions are .not 
amt^fercd ia isolation of each nther. Aaswrs to quoetioss are 
produced in aecordauce vltji wbst isas and hasn't bcea ©aid before. la 
the qtiostioB aamarlag dialogs ^^sich occur in eoartrooas betveco a 
lavyer sad a %?itaeos, tfee continuity of tits qaestioas asked aiid 
J ansHers given is so tight tbat it is poesibie to see ^^ece the 

aeaaloatioa ia hcadlagi after a certain point we can predict what 
will be asted ncset (at least in dresatlxed coorfcrooa dialogs). Ia the 
cootexc of aosvarlitjj qmsetloac about stories, t^KS continuity of a 
question ^wavering dialog ia cot so laspartaat. Queations sbout 
etorlss are asked only for the purpose of dcaonatcating csRsprefeension, 
. The cojEaualcatioa ' is therefore soaewfeat artificial (since the 
qeestioser kaovs the asswrs). . But eves in sitMaUoo vc can feel 
dloturbed by a lack of continaityj 
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JolDa took a bus fco Kew York.,- Ihea took the - 
isubvay to Leone' He had Xasagim* He took the 
bus back to Kev Bavea* " ^ v 

Qls Bow did Johtt^go Xo Bav^u? 
Alt By buB.. 

Q2: What did he eat? 
A2; Johii ate lasagoa* 

Q3: Dtid John cat? 
A3: Tea. 

Q4: How di4 Joba go to Kew York? 
A4: John ^mnt to Hev York by bus« 

QS: Did John gd\back to Kew Haven? ] 
A5s Yea. 

Q6t WhecB^id .John go? 

A6: Raw York.. * 

Ihis dialog seens to be lacking direction. !Qie que^ioner appeara to 
be ^^tally ignorant of the answers given. People vould not nonaally 
^sk a quaatibn like 'Did John eat?' imediately after hearing 'John 
ata laaagna.' The aane questiana could have been asked in a much core 
reaaonabxf organised dialogs 

Q6: i^eire did John go? 
A6; Kev York. ^ 

Q4: How did John go to -«Jew York? 
A4: John VBtit to Kew York by bus. 

* * 

Q3s Did Johtt eat? 
. A3: Yes. ^ 

Q2: What did he eat? 
A2; John ate lasagna. 

Q52 bid John go back to Sew Haven? 
A5: Yea. - 

•Ql: How did John ^o to New Haven? - 

AI: By bus. i 

Ihe lack of continuity is the firsj: dialog and the apparent Spntinuity 
-of the second dialog are diie to a procesa of knowledge state 
asaeeasient. tihenever people answer queationa, they try to keep track 
of what rhe^ queatloaer knows. Tnat is, the answerer laaintaina a model' 
of the queatloj^er's knowledge state. Whenever a question is answered, 
the inforraation comunicated In that answer is incorporated in this 
podelt If the questioner asks a question which vipJtates our 
assessaeot of his knowledge state, ve get inpatient and wonder what's 
vrong* 
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Kaowliadge state assessment makes the difference between a system 
\AC£ch, ttflndlessly answers any question it hears and one which has some 
astnse of vrtien a question is or isn't reasonable. Underlying all Q/A 
dialogs is an iaplicit principle: 

Questions are ^sked to draw attention to ^ 
gaps in the questioner's knowledge state; 
questions are answered to fill those gaps. 

This principle applies to all Q/A dialogs including the . more 
artificial ones where the person answering must answer questions as 
though he were really supplying ,t1ie questioner with with information 
the questioner didn't have. ' ■ V*^ 

Some task domains whi^Ti invdlve question answering capabil^iies 
rely on a very sopKTsti^Trfed capacity for fcaowledge state assessment. 
For example, a systqto which answeirs (or asks) questions in a teaching 
sittiation must have/ a vj^ry accurate sense of what the student dpes and 
doesn't know in order to be effective ^Collins 1976]=. A system which 
answers questicrns in the context of technical informatl^ retrieval 
will be jnore effective if it knows how sophisticated the questioner's 
knowledge state is. When a. question is answered on a level^ which is 
either too far above or below the questioner's level of competence, 
the answer -^WLll fail to communicate information. 

In many cases inferences about someone's knowledge state are madft 
on the basis pf what thdt person has said. If you ask me whether or 
not all Lebesgue-integrable functions are Riemann-integrab*^ I wiliU 
assume from* your question that you know something about ifffe&gration 
theory. More inferences are made on the basis of what I have said to 
you., For example, if I tell you that not all Lebesgue-integrable 
fmiptions are Riemann-iategrable, I might r^sonably expect you to 
r^ember that and, knpw it from then' on. So alterations of knowledge 
slate models can be made anytime anybody says anything in a Q/A 
jOialog. 

In QUAIM we proposed that a^Last MLOC Update (LMU^'be maintained 
as a minimal processing technique for knowledge state assessment (see 
section 3.1.3.2). The LMU is a simple device for maiataining 
conversational continuity, and it is an .intuitively valid idea since 
people must surely remember the conceptual .content of their *last 
staf-ement. It is invalid insofar ^s it stops short of seriously 
modeling a memory represention for conversations. People must have 
memory structures of conversation which are maintained for at least 
some period of time. But precisely whafT this memory representation 
looks like and how it is related to the problem of knowledge state 
assessment is very difficult. 
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Kiiowledge state assessment is . piosely related to theories of 
conversation, overall memory organization, and issues of short term 
vs. long term memory. Even very simple minded notions of knowledge 
state models run into severe difficulties in terms of representation 
and overwriting. For example, suppose we wanted to create a short 
term knowledge state model for a given conversation. We won't even 
worry about integrating the information in this short term memory 
structure into a more permanent m,emory structure. The simplest 
structure we can propose is a list of concepts. Suppose that every 
time a concept is communicated to Mary by John, John adds that concept 
to his knowledge state list-model for Mary. Even in this short term 
memory model, we run into problems of updating. Consider the 
following dialog: 

Mary: Does Susan live in New York? 
John: No. 

■Mary: Where does she live? 
Jphn: She lives in Washington. 

The following entries must be made in John's MLOC model for Mary: 

1) Susan 'does not live in New York. 

2) Susan lives in Washington. 

We have a duplication of information here. If Mary knows that Susan 
lives in Washington, it is useless to keep ^a conceptualisation around 
which encodes the fact that Mary knows Susan does not live in New 
York. But this redux^ion is only possiBle^- tf ji^memory process of some 
sort determines that. living in New York and living^l^T Washington are 
mutually exclusive possibilities. . . . 

Suppose we could update the list-model to eliminate redundancies. 
Thenr we would have a knc.;:ledge state model which encodes the knowledge 
Mary acquired in the course of the conversation, but no trace is 
present in this model of Mary's previous knowledge states* After this 
dialog, John should be able to conclude that Mary did not know where 
Susan lived before he told her (unless he has some reason to believe 
she has been devious with him). Her first que;5tion Indicated that 
Mary had some reason to believe that Susan might live in New York. If ^ 
this is important to John or if it is surprising to him for some 
reason, he is liable to remembe^^ that Mary thought Susan lived in New 
York. A knowledge state model which only records those concepts 
cu-* -^unicated by the person mairtaining the model, a^ which eliminates 
redundant communications, will not be adequate for representing 
previous knowledge states whirh can be inferred from a question. This 
raises another issue. 

r 

Should a complete running history of Mary's knowledge states be 
maintained? If not, how mucfi information abjout previous knowledge 
states should be kept? Which information? ^at is really going on 
here is much more compliciLted than keeping lists. , John is liable to 
remember that Mary thought Susan lived in New York only if this fact 
is significant or unexpected for some reason. To determine whether or 
not a given piece of iiiformation is significant or unexpected, a lot 
o'f memory interaction must he taking place with John's long term 
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memory in order to pick, out inconsistencies and surprises. Much more 
has to be knowa about over^l memory structures and integrative 
processes before problems of this magnitude can be tackled in a 
serious manner* 



10.3 Conversation Theory 

Question answering dialogs are a form of conversation. There are 
rules of conversational structure which are used to arrive at correct 
interpretations and appropriate responses. Tne conversational 
continuity rules described in Chapter Three deal with very simple' 
phenon^ena in conversation. To get some idea of how much more 
complicated conversational 'structure can be> let's l»ook at an example 
of nested question answering dialog>* 

^ Mary: Do you know anyone who can referee s<5me papers 
before August? 
John: Is Bill Sand going to be around Ihls summer? 
Mary: Who? 

John: Dbn'^t yoB know the members of the editorial 
board? 

Kary: Yes, but that name isn't ^familiar. 

John: I think he just joined* He's a new memb r. 

Mary: No, i don't think he is. ' ' 

John: Then we can't ask him. ' 

In this conversation /Kary disagrees with John about somebody named 
Bill Sand being a member of" the. editorial board. John seems to give 
in to her opinion about the matter, and says something which Indicates 
that they shouldn't ask anyone outside of the editorial board to 
referee papers.^ The critical juncture in this' conversation is when 
John says think he Just joined. He's a new member,' at which point 
Mary says 'No, I don't .think he is.' Conversational continuity forces 
us to interpret Mary's statement as a reply to John. Mary seems to be 
saying that she doesn't think there is a new member of the editorial 
board named Bill Sand. John's final reply 'Then we can't ask him,' is 
also interpreted in terms of the repjLy^ preceding it. John seems to be' 
saying that if the person he is thinking of ds not a member of the 
editorial board, then they can't ask him to referee papers. The 
conversation makes sense as it stands and there does not seem to be 
any confusion, about what is being said. But now look what happens 
when one small alteration is made: 
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Mary I 

Jotlu* 

M&ry: 



Do you know anyone vho can referee soae papers 
beicre August? 

is Bin Saud going be around fchis-sunaor? 
Who? . \ 

Iton'^^V you know the 'oMSers of tM c'ditorial i 



board? 

Karyr^YeSj but that name ion't faolllat. 1 
John: I think he Just Joined* He*© a new sscsiber* \ 
Mary: (m yes, now I know vho you nean* Ko, 1 don'ti 

think he i^« j 
John: Ihen we can'^t ask hiia. 



The only change is an addition t? Mary^s last statement, 'bh yes, now 
I know vho you aean.^ This declaration acts as a signal to tell John 
that she Ir resuoing a suspended occbange* Without this signal her 
^ext statcat^nt 'No» I dbn^'' think he is»' Is interpreted ati a responim 
to Jphn'^s 'I j'hink he just joined. He's a new ocabor.' But with the 
added signal, 'OH yes, now I know who you ©ean/ 'Ho, I doa^t think he 
is,' is interpreteu ^^Ia reply to the earlier susjrendcd question ^Is 
Bill Sand going to be around this suaaer?' the signal is critical here 
liecause the nesting of processes is three deop» I'eople can recover 
froQ one level widiout signals to esta>lish a retunt to the next 
level, but whcia aove thaa one l€rvel has to be recovered, clues oust be 
supplied to help the transitions « 



Pial(^ Without level Recovery Signal 



Marys jDo you know a,=rryone who can referee eotae papers 
ibeforfe August^ 



(level 0 question) 

John? [is Bill Sand goiojj: to be around this stcsaertU -^ 

(leve l; I question). ^ 

Ug^yy. RnTTSt .-c 



asm 



John: 



(level 2 q u e stlc i}^ 



Don'^t yoa know this embers o£ the editorial 



^ (level 3 :^uestion) ' 

Mary dvea^ but that natse IsnH faalliarTI — - 

(level 3 ansifcmr)^ 
John: ll„ th ink he just 1oinc5> a^^s Tiiew acgatberrf - 
(level 2 anj^wor) 

Marys [Ko% 1 doa* t tkink helST} -' ^ 

(levfal 2 *contiit uati0tt) 

Johns ilhen we^can^'t ask kxot^* -*^ ^ 

. (level 0 ^m%mx) 



0 



glalos With tevel Scccvfery Stj^^oaX 



Do you Im^ aufom v^o referee 00150 papotc 
before Au^iioi? " ' \ ^ 



(level 0 qtmation) ^ 

Hary: ^' 



0 



Johns 



(level 2 quegfcion) ^ . 

DbQ't you Itaov the ccssBera c£ the cOCtorlal 



(lev<d 3 queetioo) - 
Kary: t?eoo but ufit eiiae lim^t £teillsr^F ^ 

•John? ji tbin% He Juat joiaeds He^g a taev ac^sber^ 

Haryr fi^yo0^ a^y X knov v^o you arjmT j ■ ■ ■ ■ 

(gisnalc ecd o£ level g .^ xchaage)- 

f5o» 1 dott't thialc be ,18^^ — ^ — ; 

(level I aufl^r) 
JohafiS hen ve can* t mX bi^^}^^ 



el 0 ansver) 

Vlthcut a theory of coaveraatiocal Qtr^^tures* it io not poi^ible 
to rccosnire %^Qn a question aasi^rteg excbangG iB beiog dropped 9 
ouiJjfKjadcd, or resided. Queatioos asxd' aaewero are aecely uniti *of 
coesaualcatlon wtthin l^irger ceaveraatioaal^caa^chaiased* Ihcifo xatchai)ge4i 
are tluwsoelves auhjcct to otj^ttCvtural 1mm of ^oablaatlqa vhl^^h ir^cMf: 
ocatleg pheu^ctia. Cots|aete cpmreptial is^rocesal^g f^r qi»fttioo 
answering dialogs cauat be oenaltive to th ae larg i *mita of 
convetijational atructiire* * ' 



to. 4 mat Every tavyer ^ouid ifeav 

In a i)^p4'4l0tic^ted sodel of ncsory reprcaentntioa» a story 
tisptcmnutlcn %sitL evolve* over Utee a^d be subject to various 
iaterfereoee blocking factors. BarUett'a faaouo exparteeata v^th 
'The l^r of the Ghosts' [Bara'n.i i932J 4»sveatigated ©o^se of the vaya 
iti i4xlch oeaary repreaeatatlona deteriorate aad chaoge over tto^j. 
F^ctcvra othex thaa tise eaa affect ecsory ao iiell. 

In a stiidy by Elisabeth loUug CLoftua 19751 subject* wjr© aboi«s 
a aovio of a aporto car driving do«a a ^ -mtry roisd. Mtcr the %,irie 
tha oubjccis verc oakcd a oer'leo of quaotioao. Oac Rroup wao aiaJM«j» 
'Hov fast uao the car goia|? deim tJse country road?* *rje otJ^eir gr^tfj? of 
stfljjccts was asked, 'How fast *&o the car goitsg wfeca It panmi the 
barn driving dova the coimtry road?* (Tio bisra appeared Ic the f 
Oac week lat«r, oubjects mxs agaiij mkad quf»«?tloaa about the ccvle 
but without a r,ccoc4 viowtng. Oae o£ the qewwtioas at this owbscqueat 
oesaioR wa« 'Did you oee a bajm?' Osly 2,1% of the first group 
ancwered Yea, but U»'iX of the &*?coR.!j grotip aafivercd Yea. 
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Ihts oi^goita that ^essory i:«!prc^atatioao or c^ui<sva]l ©jech^nl^ 
cnn be ^al wired by tfee .qts^Qtlosjc ^Ich licicddd tbsfSn Isx oxwn vliora a 

iqiwotljspt cm r\ip tolbrf>0Mt<5d the leeaory tepr^Jieiitationt ihi^ 
Isicorpormoa c^uljr oc ^ olth^f by tcvidlDg the etory roprennafcatilciti 
or by ^cttUr^ up dotou^Q for reirlcvol ntchanim^^ Prosuppoaltloou 
tsuat be ch^clo&d a$ainnt the atory trcproeoatatlOEi aad in tho mvofit that 
ab coatradictioo in tomdf O0W infomailoo could be added to tho ntory 
reprasoatatioa or short circuito could be sot up to 6 eoro recent aad 
'"^Ightly altered ©tory r^prcis^^otiitioQ gcaomtod. at tho tl«o of « 
^i^^^Qtllon diismoriisg dialog « 

ID»5 Conoral Q/A . ' * 

(^{AlH hau bccm Inplmoat^d in the tank doc&ula of a^i^vorlDg 
qiiootioaQ abcttt otorioa^ Et^t tho ^trafcoglo© oC conooptua? 
ctttogorl^MitioD, i'sforoatlal aiioly0io, ftod olobor^lon optlono aro all 
needed for a theory of genital Q/A as ^lU All of tho opociflc 
intorprotivo ruloa and content '^poclClcatlon options outlined In tHl© 
tboola aro Qpplionblo to general Q/A» For me^pl^t^ » 

Ql^ Do you mm a drink? 

Alt io tbanka* 1 have to drive tK^e« 

Ai reattlt& £roo on upplicatlon of tho Correction/Explantlon (^tion« 
Tho eloboratie in Al ana*mrn the Scpeetional qnsotiont 'Why don't you 
vant a drinW 

Converoational acripta are ko^wledgo etriietui/C f«»r epeclCic 
converaational eont^tn* . If a Q/A dialog in eabcdd<Ni to a 
sufficiently ntcr<^typic converaatlonal cortoKt* thoeo knovled^e 
otructurea vlll gufdcT tho iatorprotlv45^ pracesglng of a queetlonn fot 
esassplot a atocVbroker talkiog to a clleni will and©reiend^? 

Q2t When did you eell? 

to bo a quootion shout tho aoliing prices not tho ilm of tlt;e 
traii«action* Stereotypic nltu^tioi^ii and relationahipn oUen pro^^ldo 
opQclfic predictions shout ^at a queation r^lv mmUm 

Iheorloe of Inference ^d fcnowledgo state aeee§ittieRt vlJl ennble 
inferential enalysla to imderntd&d vhat a qmatloi!^^ r ta really asking 
%*en a Q/A dialog occure in the context of goal-oriented behavior 
vhich l0 not atereotypic* For eje«s if John and Mairy are ^mpim 
ouf md they aro about to xook dinner^ tte lolloifing eit€?harjge c^ould 
ocelli 

John? Will you go dcnm to tha ilv^^rJ 
Hfttyj I think there's oMiigh berr 

Knm^lcdge of general goals and plane are needed t<» tmdcretend ihnt Qj 
in anklng» *Wtil you go dmm to tlte river (t<» get en^e *mier itt^t 
dinner))?' Then A3 cm be usderatoed? '1 think there'^p enough (vntei; 
hore (for dlMor)) ' If Ksry didn't fex^on timi .loh^i ifenle fitter, that 



he wsnle li for ainuor* and that the pivot l» *^eto y^u go to get 
vstort then pho cottUa*t Imv^ c^spaitdca m ahe did. 

80jil*orl«nte«l altuatlons are Adenttcftl to tti« int«if«!«\c*8 «««d«d t© 
coapr«h«nd tekt wtieo a etoty d«e«;rlb9«i fesml-otiented bel«vior» U w 
hoard t 

Jfolw neediHt to go dova ta th« rlvor b6foif« t« . 
i'ouild atett dinner » 

W» vould h&ve to yo«i ttw laiovleage of ttcrljptft attd pldna t^ uttderislii»,d 
hotf golttg to the tivor cm be c«M»aiy e^Xstod to pK^txicins Ummt 
in th» cotttosi of cftapiug mi . mi<iv imUtn In i;ivex:«» you Xr^qwstttly 
ttflcd ^vator to prepr« r^iea, i« you dort*t have »9m«iithl\is y«w y«u 
It, «nd it «io»«itMii8 you mU tiUm\\^t<^ >t>u esft go 

there to ^©t lt» niln Kiiiovl«4R<i neadiid to wnd«j£s»feiiind mm\ 
i'«ttn«ctionB la g«irte¥4l tent la Idontiftftl to th« teiowltnigo UMdftd to 
ottcry on gduoral QM dlttioga* 

10.6 PttytWxogy and ArtmcUl ittt^Ufgetwo 

tn Bcctl«tt 10.4 m (flted cviden«e (l.ijttUB th«t tha very 

prtH'osB at ftttttWarittR qwoatiow con ftlt«r a «^oty »?6prett«i\tAfcton» 
ikjpjMJBo payohologiRt , conrrwttad with th« r«attU« of tlh^ Ullty* 
©Mporlssontt vnntti to innuiuj^t for > tn§ wohattlBm* t^f hitam i!»«moty 
ta9tt«)r>»ibXo Cor thae© rowuXto. If , hft works witUio the ©»perl«oi\taX 
parttdt^tx) ot paycholnjiy, ho wiUt ' 

(l) i'l'MpotM ft th«ot tefi^rlhing siimi ho thlnka U ROiOR 
(i) »« fu« gXrerW«t lo l««t hill f henry. 
(1) ^un th« t«U|Urtmiiiii» 

(4) ay if* romiUti to mt^ i%\ ytmi i^iiyn hid Uirarv 1^ 

Hmary iiethimt«?!*n on^rftiin]^. ^Vtrkii^R from ulUUn m nrilflcinl 
ii>l»lUH<»»M i9^rii<ll^», lift ^ilUi 

(1> I^ro|mtt0 A iboory to ijeti* 5 itm wimi ho thtukit U on, 
(/f l/rlt0^ «i^|Mii«ir iHiij^if^ uhUU i^pl«M^otUf$ Ihiii Ihnaiy, 
(I) HiMi th0 iiia|Hiioi |U«i||tm» 

C*) now If piogtm *to0ia vh«it H iHi0mU^f t»» minly«i0 



In cither paradigm, ve are concerued with sL< theory of memory 
processes % A psychologist uses experiments to develop his theories 
%^tiile an AI researcher uses computer programs* In either paradigm, 
theories undergo continual revision , and expansion* One experiment 
usually leads to another* And the point of writing a computer program 
in AI is very often just to finj out how to write it better the next 
time* T^e four steps of bo^th research paradigms describe a cyclic 
process; , after the fourth step we go back to step one to incorporate 
what we have learned in a revis^d^ extended, or totally new theory* 

Does this mean that tha only difference between the two paradigms 
is that one uae^ experiments and the other u^s computers^ Yes and 
no* It is the case that some problems lend themselves to experimental 
investigation and some don^t* The experimental paradigm imposes a 
restriction on the kind of phenomena Which . can be profitably 
investigated* ^ If experiments canncft be designed which isolate the 
variable factors pf a proposed theory, the psychologist can go no 
twji^ijjr* Problms concerning human cognitive processes are difficult 
study* within the paradigm of experimental psychology for precisely 
this reason* An analogy has often been made to the effi^tt that tjrying 
to^ design an experiment wh-lch will 1 light on human miEanory 
proi^e^ses is Like ^:rying to perform braxn surgery with a hammer and 
chisel. What experiment can be designed to help us understand how 
people are able to answer simple questions like 'What's your name?' 
l^atural language processing is a prime example of a cognitive process . 
which slips through- the net of empirical experimentation* ^ 

Natural language processing can be productively studied within 
the AI paradigm* If we construct a process model which is designed to 
account for a. particular language ttask (e*^. question answering., 
i^uamarlratlon, traAslation, etc*) then we cati"^ write a. computer prograA. 
which implements that model* By running the program, we can see where 
the model is weak, where it breaks down, or where it appe'ars 
coapetent* A program which doesn't work may not work because of 
technical programming errors* These can always be fixed* The 
iikeresting failures are those which occur because the process model 
underlying the program failed to recognize aome critical problem or 
failed to handle some problem adequately* 

Wl\on a program fails for theoretical reasons, we learn something 
we didn*t know before. When an AI researcher wants to investigate 
c^oguitlve processes in people, he ' uses ^ the computer as an 
iuveatigative tool which can help him see things which would otherwise 
ho overlooked. Computers can help us study cognitive processes in the 
some way that microscopes help us study cell biology* Without a 
computer we can only guess at what's there; with a computer we're 
still guessing* but we at l^ast know when we' rd wrong* 



CHAPTER 11 
PERSPECTIVE AND CONCLUSIONS 



11.0 Prerace 

The theory of question answering proposed by QUALM is essentially 
a theory of natural language processing . This natural language^ 
perspective distinguishes QUAI21 fromv many other question answering 
systntms which are motivated by information retrieval or automatic 
theorem proving. Many systems which attempt to answer questions 
phrased in natural language have been designed in two pieces: (1) a 
memory retrieval system, and (2) a natural language interface* Very 
often the interface problem is considered secondary to the retrieval 
system and the two subsystems are designed as if they were 
theoretically independent of each other. , 

The question answering system based on QUALM can be likewise 
decomposed into memory retrieval (QUAIH per se) and natural language 
interface (parsing and generation). But in QUALM, this"^ division 
distinguishes cognitive processes which are language dependent from 
those which are purely conceptual and independent of language. The 
theory of QUALM extends theories of cognitive processing which 
originated with the study of conceptual memory [Schank 1975], parsing 
[Riesbeck 1975], and generation [Gold5a^l975] . QUALM therefore rests^ 
on a foundation of ideas in conceptual information processing. This 
orientation constitutes a fundamental departure from information 
retrieval and othfer viewpoints vjhere naturalT language processing is 
treated as merely a 'front end' for questiol^nswering systems. 

11.1 Other Q/A Systems ^ \ 

A number of question answering systems have been designed over 
the last twenty years. We will not attempt to review all of the 
research in computational question answering here* But 't might be 
usefulv to compare QUALM with some of the more - recent question 
answeritig systems in order to clarify comparative •strengths and 
weaknesses in various approaches to question answering^ The reader 
who is not familiar with the systems discussed here should .refer to 
the references cited for a complete description of these research 
efforts. 

l-UKl Winograd (SHRDLU)* 

SKRDLU [Winograd 1972] was well publicized as the first computer 
program to under?tand English. The program's world knowledge was 
limited to a blocks world; SlIRDLU simulated robotic manipulation erf*' 
blocks on a table top. It could respond to requests (Please put the 
red pyr. 1 on the blue ) block) and inquiries (Where is the red 
pyramid'' / 
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prosrss. bases ox> ^procedural rej.ri^^tatlc:55£ cf tec?«fcl^&^' 

19763* WlTxosr^>i aadataias that e«t te^^e f^r 

language processing syst^ c» Ktyrei^tettsS « f ^^.e^ 

that syst£a* In SHSSU!^ u^der^ts^ilrts **?Ie^&s^ g^cK ^ t5s^ 

block/ consists of ex^utlt^ ^ ?;roco£4X^ s^^^iXil^e^s 

the block. This apprc^h* to te^?vl<si§e -t^rci^t^t^tfe. « ^trc^U 

dependent on the task doMia Kls^^rsd obj^g^ t^^T SSSSi::'* 

In a performative d»»Msi lUfca tbe vsrti.^^ ^Tc^^ji^ji. 

representation stay appear to Ve ^pj^rojr^ate, S^t \*ri^;^ l4s:;jiu^^ 5^ 
unders!-^ in ncn-per£oc:^tl^e co:iteK^> ^r^^i;t4Sil r€:?t^^tst^to^2si^ 
fail to s^e sens^i. Stort? ^i^t^tacsi;^ 1^ o-^-^trxt le^^a^^ 
procedural us^iersta^idtr^ is ^ot ^^^^ojtt^* &^pj>o^ ? ^tor« 
undeTStandit5S systi^ -tears t^t l^t^f t-**t ^^ri ^.^^^r-'t 
to aarcy hia* ^^t^^'^cs:c^2u1^e i:S tbe la^jS-erst^^'istg s^tfSi to 
execute to indic^S^te t^t it ^c^^&.?,o^* tfce kio^;^e%5e$^^^ to 
aanipulate blocks does ^ot txXc^ to ^osot^s t^^nr^ " feo«I«!fis^55 
his:^ motives and lnt«:xtiot&alit:«^ is ttoc^di&2^ 

• The question asts^^^ t^i^x^^jii;^ tsa^ l^i? SSxTA^ vere ^tl^ 
liaited by tfce ta^k ^<K&ain of the s^t^» ?o*- ts^^rq^^^ vl^t^ S£S21L£- 
ansvers a 'v^y* or *feo\f* ^^stlo^^ It cc^i^^s ^tsok 
generated as a history t>.e s^i^;aaUO>tss% ^'^^ <^i^; .wis 

are answtired by Sindis^g tbe ^stioti co^^.^ t^ ^t^^k 
pushins the stac*.; *bo^* ^i;mtXo;^s «^ . 3s:;i*^r<>4 5^^ li^ii::^ 
quesUon conctJipt and ?^p?JLtxg cNe ^t^ok* t^t# bc.r 1^.10 v«c^rfci^ lt^ 

any dcs&ain vfeere ^ are Sntere^u^ 1^ y^^l^ iiroc^i4:al »u^j^aalii^i;^* 
it does not i^rk in dCKsains vbcra -S^'« thsss 
others » assd vihen s^^^ ^t-e not tfm ordy c^^i^X a^t<^ce^^,i:s for cve:its* 

did John ikiss^ dJi^^s at Wo^^o*** ^e??-*^ 

is a qi^stion tath ans^^rs v^ich des^^sl^e c^^X i^^tt^v^v^eris iat ^.01 
goals: 

^ Bj^ couldn't tb^» cbc^k* 

Be ^'ad no iK^xsey* 
Ei5 ^s piol^^joote^ t^; 

Kven v*xcn i;.%\l-ortent'€si a:?.^t a??roi^riat<* s.^r &.^^s^r« derive.- 
frees a goal tree arc i>:or boc^ci^ t.*^y do srot scco^i 
inferences that the i^k^estlor^e? caa n^kc for 

did John get on his ^;^r0c'* 
So ho could ride It. 

« 

This is an exasperating a^sv^r v^lc^. vj^d rcf .-It I'ros ?si plv p^t.ix^g 
tho goal stack. Sot^o ssolectu^n V^miv ifn ^ccid pJ^^w^*" - 
better ansv^rt 

V^-r did Joh^ j^et c*s^ bl^ K-orik** 
So ho could b<? close to KhVi. 



S^^^' a vert is-^rcsssve ^Tstca ^t^^ze It the f trot l0t6?4S^tiVi. . 
c:x^^tx 5^rc?gr« ii^*rlch ir«?ois3cd Esgittia tojmt. Eat tfe4^ tkcm:lcn ' 
cl wssr^r^ rcfje^er^tat^toa ^4ctlf±^ SSSDUJ^ ^ist** beea ^ ok tested 

rt^««ft^tatX5r5^> is ratural l^uatgc ptoctmSJsg .fess bee<?^ vidcly ' 
T^i^mt^ iir xccot ftrsre^ But at t!-cs tine SHSUtfl V39 vritteaV 2?«^t 
rescsrcbera were suil o^snii^s tJ^ rc^l l^ues I"- sjatoral l^tjgogtgc 



LSSLXS (i^^^^ a prototype ssj^uaral iisssuagc qcicx^ *y3tca 

ie^igt^ £i^r s^ec^l©^^ si Iotbc data fesoo of tecfeolt^ l^fi^ts'tjJUjQ 



pareet fo^ tSSLSS aa lu^tsacaud ttixi^sltioa. is^tvock «!i4eh si^i;^ 
EasUsJi i:^^lcria5 tsxto a parse trco*, &sa«tic pl^ecfeuei^ then, 
tr£:i^t<ii( thQ syatactic , i?a:fcgo^, tree ^ into a seis^^tic ^aalm' 
rcpreseatatloa* Tha s^satlc rc^W^iatatlon for a ^t^^stlon 16 
acttsiaUv a pr^gra cacps^cosioa iftilcb is dircc tli? wecsite^ for s^a)^^ 
retrieval* ' / 

The cctisr:jr rejrrc^at^feioi^st ^tiid^ ccsantlc proccMca used Is LSSLIS 
wrc largely ade^te for tK^ jtcdmipil tf^ta th^ ©yotess dcai^ced 
to «ce4^^» . But thi?ro ijro vcalc^. r^isi 

ex»|de» la isjrdar to osiss^rj / 



"1,1^. uysi tea* s retrieval 
iKash*Vel?ls,or For 
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Do All breccias cmsiaL£n Imsthan^ss^ 

LSHLl^ riiSSccBSlvcly^eriasemtc/ thi? btecci^Ji and tcnto to .&ee 

if It cosital^s 4 ^>^t^^^*^* ^ it* X il tteca do» t>^a t^o ansvc^t l^i yea* 
if t^^ 43t3 batie ^^re o^i.-^^t^cd li^elt4e tfifoi3:!itlos IxXc. 

HI n^plei> c^tJtaiw ^.ver>>^i*.:sent. 



diL^ulp^c^i lot tecftj^si'. 'il *uto«24tli?r* retrieve, 

^Icfe I ' i^ur^rtitU^Hj coi^ucpi^^i* ?ot rj^fi^ple/T^^ 
it 10 arproprtate br «i'-^^^^^rn€^4 uXih ^t^isfjr^ilvc pr^^ctaet^ t*^%er<L 
*ded^v^tii:»f5* dc«^ribes ttte get^er^tti^?^ prc^lcateii i«^lc^ ?su5t bt? 
^0rr*:i/)*' Eut ?*0fj-te7^^xcal d0:^-jli:i^» pr*>^e^^6 Mfcrr*:*< C«^s*r«^ 
l«£ere«^^c* d^acrifee^ ir^ '-'^■ci 'iti^n at ^tu-^pii^n^ iwhl^rh cay fee 
vrc«^) arr sso.t: t4^'>ctul thao dcd«tjk.ve proc^nmu^. have hc?w 

4ti5^rM to qyentloi?-^ ca^ 1^^- correct and isttii terrible s^^^^rs i^'^-*; 
0*-j^te4rr3 <he, l^r**!t Six. Sltjc)* F>tri<tly d€du\tiye pttK^ao^n 
are wf^a^lsvt^ e*> only ff^^ trut'^ val^^t^ of -p^©' ca^tn^i ev^Jr^aKti, 



It ^.L^|:^SRri3 t^^l 
feed tt^fan^tiior* 
tec leal d<^i^^>*^ 



^atteisr or mi^^ correct aris^^r't^ m s^j^foprtatt* m^^tm The 
vijc^^tloa aa^rtog ' prabl«aia ly^Ub -^tim la a syatca like ISSLIS fewe 
very litcle c^^satoa vltfe t^^ableas vfjlefe* arls^ in tfcc coatissct of 

It 1® too c^iylv at t^t« §tjjs« to prea4«.t i^thsxic^ 
c«c€^t«val prccfe^s4^s ^tzdu^icB ?cl^t©: t©, ©^b otiasr caid prcc^r^ily 
v^cr^ t?^ b0i2idartc4^^ a? Iz^&iltdz^ d&^m H^^ A roi^gb 

4i^^imtt^n sat &o la t*rsr5 of tt^^f fclldrtsg tcalA If tko 

lalae^oa la ci $yr>te3 1$ ^tt of ix^^!*i5r5tlea tAlch a 

tiisglo fjcrsos 4irtth scsorir) etjiald fe« expected to rcccsb^r, 

laf^:i£s2aticis 1^ c^mr^t^al* Ctfiitrviu«, tccfealcml* ^siisg ibis 

cm^t^lt^l infosskitioa pr^c^js^iisg sinftt<»t i*!vUe tfca re^ultB of I3t0^ 
cfeeatcal feeiot^ in /tcchalcel -iafomatloa pi50cc^al08 systc^ 

vU.l.3 traits CPUHES) ' . " 

KAIES syst^ {liiltz 1977J^ id ^eotfvcr "qoer? ^jf^ws? vliicht 
ii^cee^^ A l4rg« datu fea^ <7f K^ho^itiii tsifocs^Uone lha data 
for PtA^ cssii^sji iaforeAtioa a!K5>ijt «3val aircraft s^latctvfia^^ ^isd 
i light Mt&. It «pp<54rs to bi& ifelaiiar ^to J^KLIS exc^'ti^t tbc: 
ii3^tlal*pk?^ b?pa«^^ A tf /atactic pa^^ tree rcprciKmMJrfoxi hx flavor 
a psrs|*rfa^ ea5pceBaioa;e£ cai^atcal p&ra^s*. J5i« p^nphrf^ is 
iMn {td b^k^feo tba as« Cor cotiflra4tlon hp£<St€t asx iatorpiAotlvo 
pfesis^ sapi5^ tho patfi{&rasc isto 4 lorsta^-c^ry laaguago ^pr^sioa 
v^is^h itt dlWtly excctited fo? cissory tewl<^vil* ' ' 

Sotfe LS%1.IS ai^ fL&SES aro &mpl^ .of systesss which ace jAlscfi at 
pr^«;ttt:Al feplc3«iitati^a is a relatively marroH Iq^ovledgo dceSl^ 
Jteslgti .Ustses %sbicl^ vould fc« critical^ lor a zsorta g^ie^ a;^tea arc . 
Bct eucotsatered wfeea t^ task doa^tl;* is eufftcicnfc'' * ^leatrlctcd* Por 
tx^l^t relatively worda aisd virtaally no soB^taoccs ia the PlAJffiSS 
v^rld titc? issblguLjji*^ ss^sjrteg. I^ta aicpltfl^ii! parsing strategiea. « 
a©d ^Sp3^^^a atxy , ^ecd fof iisfcreaUai aisiayais or knovl edge-abased 
Irsf^ipretaUoa of the «ort tamd in tfe^ *^*ioia iaaue of cooteo&i 

5ra4Bitite iatorpr^tatlotf. cas tso Ignored ^^^tx a ayst^ ia df?sigs^ to 
operate in.%3?!e vc^^text o^^y» ^ ' 

?LA!sSS Claire kc be a data £nd«?pe?!4est 6yates)« Tbis noasia that 
t¥ie la^t&age ft^a* a??d thd sy$t«i would tsot. have to be 
^au2>5ta3ttXaily altered t4S «ccis2cdato .^^csdcd data bas# or a n^tv 
rc-cord-baised dat* base ¥hich ia Suitably ci^traiaed* (fba primary 
alt^ratiaas would c^ta ,1 the addition of acw vc-'abular^*) On t|te other 
hm4^ the data acc^^iaisg prcgrasis in PLANES would lia>^e "to be 
'^c^ia?§tlallv G^ified fo a new data baae with retrieval fuactlooa ^ 
sjpceitic to that data baae. Ihe generality of PLAKES'ia therefore 
defined ^ty the type of data it aceesaos. 

While It la difficult to ircnpare strategies for conceptual 
iS5fors>atXott proceasing with strategies for technical laftjnaatlon 
pr^^casiQg directly, there lalght 6e a coa^ariaoa in teras of relative^ 
generality* If we dray a parallel between data baaes and individual 
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Stories, tkm a ntoty otiderstandlag sjy^^tea idiich has to ^atter its 
qttmstioa oaaverlDg teclmiquas for mch ne,^ utosy Is aaaXagous to a 
dat^ ham qmvf ayateia which has to alter its questio:} m^rinz 
tccha^q<i06 for each ae^ data ba©;i# 

* ,/ * ^ 

^^<$!MSt has-been InpXeaested to f«isct.ioa with story imdetGtaadixjs 
Q'^ttmB ^tch pro<:es0 atories &ci:dtdib% to theories of script aad plm 
application* cm ^smr questioi^a abotst aay .^tory . i^ieh has 

beoa understood ixk. tersa of scripts piaoa^ > Ihia saeaas that, aew 
scripts cm be added to S^to idcreaae ita kiovl^ge base, and C^AIH 
will be able to amsver c^stiocis about stor^e^ us tog tbaaa nm scripts 
vifchout aay nodific^ona to C^IfeXH^ 

^ -^^ 

^;Slace script© aad plaas descHbe geaaral kaoviedge structures^ 
anjr procoas iMhich reliea on jj^eaciral propai ties of scripts aad plaoa 
vill not be affected b? addition of new scripts and plans. QUAIH 
is dcslgae^ for mes^^'ty ^represeatatioas ^et^^a^ by script aad 
plaa-bai««i story tiaderatandisg j^fBtmu* IMa s^vea. a very 

po^rful gcaeraltty ia the coated of atoi:y uaderstaadiog. Scjtipta 
aad plana dmctib^ m eactea^it?© a^aouat of \ Itaovledge used ia test 
<^og2prehenaioa» laaofar as ve caa predict %ku,t acripta aad plaaa look 
liise ^ gfmeral, c«m be coaf ideaUy aj^lled to atoriea usiag aev 

scripts aad pjyaas regardless of their specific ksiovlcdge coatetijt* 

l&ea a acript*based retrieval teehaiqiiel (see Chapter ?ive) ia 
required, a nm acript aecesaitates a jsodific^tioa to ^^fsm. But even 
then, this taodificatiosi la general- tMk M*aae that it vill 
accomodate aay story trnderstood ht that script • ^Ibile Script aaci 
plaa-specifitc nodificationa isay be required,, at ao tisse ahoi^d a 
eodif tcatios to QOAIK be xsade '^ilch ia story-spedfle • 

^ the PIAfffiS sj^iUiG-imB'^'Seea with dcly oue *daia base 

aad docsr^aot try to substaatiate claiise about Its generality* {^AlH 
was orlgiaaliy ippleaei^ted' «hea SAM had three scripts ia ^ta 'data, 
base* SAH i® curreatiy ram^i^g «lth a total of tvesty-«|our scripts^ 
md m ch^agee to have beea aecesaary for atoriea baa^*^ oa theae 

ar*r script a • 

IK 1.4^ Scfagg duXCl) 

LWLCI iScragg 19751 ainii^iates stereotypic food i^reparation 
routines vltbifs the setting of a kltchea ia order to ajr^^^^r q^^stioa^ 

« 

,«hat uteasiia i^ouid I laeed if I toasted br^ ^d? 
Hov do yoti sake cookiea? 

«hea wmi receives a qi^atfos, it accease© the appropriate roatioe 
{tomiin^ b^^ead or ©akisg cookies) &i?d siisuiatea the process 
8pc<!Ctfied» iJhea* the stciulatloiJ h^n provided the appropriate 
isfoncatioa^ the qaaatioa is aaj^red. 

Tub theory of teovledge ri^preaeatatioa vsx^^lybk LtflGI i« a 
theory of what Scragg call© rote- c^riea ted toovle^ge* Fro» all hia 
deacriptiaaa, rote-orieated feovlc^ge appears to be ideaticai to o«c 
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fonaulatten of scripts* ' The basic difference between LUIGl and QUALM 
is. that LUIGI answers questions about rote-orlcnted procedures 
(scriptal^ activities) as a general information sysxem» while QUAIii 
anavera questions, about stories* That is, LUIGrwill answer general 
questions about its knowledge detain; QUAIH expects questions to be 
about some story which has been processed • LUIGl is not a story 
understanding /|>'stem, but Scragg^Jjiia suggested that rote-oriented ^ 
knowledge could be usedjor^jjfvfet^ncin^ during stdry understanding in 
the sme mfjAtai^JS^ir^ scripts during understanding to generate 

infereaccsnrscragg I975j* ' . • ' 

The siaulattton processing which LUIGl implements correaponds to 
the proposed processing of Jurlgcaentoj. questions in QUALM* Judgmental 
questions require the questioner to make a proi^sction about what is 
Hkely to happen on the basis- og^gencraX world* knowledge* What wa 
would call a projected script instantiation, Scragg Is calling a 
process simulation.* While Scr^Vs has , described^ the details jol 
procest^ing Judgesentol questions ilore cptapletely than we have, qtfALH 
covers more ground than LUIGl in terms of an overall theor^f . ^UALH is 
a Qore comprehensive theory df question answering . than LUIGl since 
LUIGl Handles oxdy two of the thirteen conceptual question categories 
i^ith QUALM ^ processes (Judgeia^ntal and Instrunent^l/Procedural)* 
Because of this ^task limitation, ^.cragg has hot developed any 
processing theory which corr^ s^K>nds to the ^conceptiial . categorization, 
inferential analysis, or cp^Vent specif Icatio^ of QUALM. 

11.1*5 BcSrow (GUS) J" , ^ 

GUS {Bobrow et al< 19761 ^ is an interact^lve dialog program 
designed » to assume the role of a ^travel agent in a goal-orieatcd 
conversation vith'a client* jCUS is cooposed of interactive raodules: 
a aorpholological ""abalyzer, syiitaptic analyzer, the framfe reasoner, 
and the language generator* The frane reasoner component of the 
system has receiv.ed the focud of research efforts in GUS. The notion 
of a firane in GUS ttJ consistent with Minsky's general fonaiilation o^ 
fracies {Minsky 1975} as p?,btotypical template structures which can be 
instantiated to represent specific instances of events or entitles. • 

GUS us^s its system of travel-related frames to direct dialog and 
instantiate memory representations for. what it is told. For example, 
II Date fraa^e coatjains slots which can 'be filled specifying the months 
day, year, atxd ^weekday. Other fr^es used by the system include 
Person, City, FlaceStay, TiraeRange, Flight and TripSpecification 
frames* Wien. 131IS initiates a dialog with a client, the system asks 
questions in. an attempt to instantiate all of its frames with 
infomatiojn" provided by the clieAt or Inferred by the system. One 
type of deference made by GUS is generated by default assignments for 
certaiii frame fillers* For example, the 'homeport' slot in the 
Trfp^pecificatlpn frame is never requested by Clfs. This slot is 
automatically filled with a default assignment of Palp Alto (GUS is 
based in Palo Alto) unless the client specifics otherwi.ae4 

' GUS is conccMMi^d wiih 'question answerit^ from a slightly 
different perspective than QUAlA. ' GUS is^ concerned with asking 
questions and understanding answer^ while QUAIJi is concerned with 
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unders.tanding questions and producing answers. In spite of this- 
difference in perspective, the notic^n of a knowledge-specific frame 
system of the type used by GUS corresponds to conversational scripts 
in qualm's in|er.eatial analysis (see Chapter Three). 

In QUAD! these predictive'^ knowledge structures -fcr specific 
conversational contexts werejroposed as interpretive mechanisms for 
contextual understanding. Iit^ GUS these same -knowledge structures are 
proposed as control structures which can drive dialog by utilizxng^.the 
notion of procedural attachment [Winograd 1975, Bobrow & tfinograd 
1977]. GUS is concernek with the implementation of one specific ' 
conversational frame -^system vdtlle QUALM is interested in 
characterizing conversational s,cripts,as a general knowledge structure 
which can organize contextual knowledge for question answering dialogs 
in a variety of contexts. ' ^ 



The design. for frame driven dialogs proposed .by GUS appears to be 
a promising start for mixed ini^iiative conversation programs., GUS is 
still in its developmental stages. The strengths and weaknesses of 
its final implenentatiorf should be an instructive contribution toward 
a theory of i^onversational dialog. ' 

11.2 Summary 

The computatioaal model of question answeVing proposed by QUALM 
is a theory of conceptual information processing based on models of 
hu^an memory organization. It has been developed from the perspective 
of natural language processing in conjunction with^^tory understanding 
systems. In the 'design of QUALM .the following claims about question 
adswering have been made: 

(1) The processef> which arc specific to question answering are 
independent of language. This means that QUALM can operate vd.th a 
parser or generator for any language without modifications, to QUALM. 

(2) Questions can be understood on many levels of conceptual 
interpretation. 

(3) The level of detail inherent in a question can be determined 'at 
the time of memory search - at this time retrieval heuristics can 
answer the question on a levpl jo£ detail appropriate to the question. 

(4) It is wore useful to describe- answers in terms of their 
Appropriateness rather th^^n truth values alone. ^ (An answei- may be 
technically correct and still be a terrible answer). - ^ 

(5) Retrieval heuristics and memory represetvtations are two sides of 
the 8a6e coin. The question answering tasH provlctes- concrete criteria 
for judging the strength of a memory representation. / 

^) In the context of story understanding, some questions can be 
answered only by accessing expectations which were aroused at the time 
the story was initially J^^'d^^ ?hese expectations can \le reconstructed . 
by integrating generrl wdtild" knowledge wit'i the story representation. 
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(7) A stro'ig taxonomy of inferepce based on a process model of memory 
Will have to be developed befqre any general claims can be made about 
which inferences are made at the time of (story) understanding and 
which Inferences are made at the time of question answering. / 



The ideas behind QUAlil span a wide range of research areas \d.thin 
the field of natural language processing. In or4er to fgijaulate a 
theory of question answering,^ we have been forced to ct)nfront pr,oblems 
in memory representation, ^ parsing, conceptual inference, memory 
retrieval, knowledge structures in memory, knowledge state assessment, 
conversational rules^ and generation. There are few areas within 
natural language processing Which are not directly related to question 
answering in some way. Q/A is also a natural task criterion for any 
language processing system which claims to understand text . or any 
knowledge-based' system -which claims to be knowledgeablec 



Q/A is therefore at the center of natural language processing 
both in terms of the natural language theory needed^for question, 
answering and in terms of the natural ^language systems* which can be 
tested by question answering jfc^s]ks#/ A complete theory of natural 
language processing must account. , for question answering phenomena. 
Conversely,' a', theory of ^ question answering cannot be developed iu 
isolation ^bf natural language processing issues. Most of ,the research 
in computational question answering has treated question answering as 
an ^information .^^^trieval probl^ which requires natural language 
processing . oiii$/;^as a front end interface, QUALM is a theory of 
question answetihg' WJiiich is founded on and which extends theories of 
'natural language and conceptual, information processing. 

I • , . ■ / 
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^PENDIX 1 

THE PRIMITIVE ACTS, OF' CONCEPTUAL DEPENDENCY 



Conceptual Dependency is a representiltional system that encodes 
the meaning of -sentences by decomposition into a small set of 
primitive actions* When two sentences are ideai^cal in meaning^, the. 
Conceptual Dependency representations for those sentences are 
identicals For example, 'John kicked the ball/ and 'John hit the 
ball Id. th his foot/ will have identical Conceptual Dependency 
reptesentatlons, 

Cognitive meaory processes operate on ths neaning of sentences, 
not on the lexical ext>res8ion of that piaantng. It foil<\#s that 
simulations of human cognition must rely on cotiiceptual reproeentatioas 
of inform'ation. Conceptual Dependency facilitates necessary 
recognition processes on thi^ level of conceptual representation. For 
example, if memory contains an eficoding for 'John bought a book from 
Mary,' then the processeja which access memory should be able to ansver 
'Di-d Mary sell John a . book?' ow the basis of that encoding. This sort 
of recognition is trivial when^ '^John bought a book froo Kary,' and 
'Mary sold John a book,' have similar conceptual representations. 
\. ' ■ ' ^ ■ 

• ' Conceptual Dependency theory is not dependent 'on the particular 
set of primitives ch,6sen, or the number of primitives used (although 
the strength of a ,givco "repr^entational system is lost if the set of 
primitives used is t6a large). The primitive acts described here 
define one set of primitives which have proven to be effective in the 
knowledge domain of general mimdane world knowledgt*' 



■AXgANS^ - ' 

The transfer of possession, ownership, or control. ATUANS reqw'res an 
actor, object, source, and recipient. E.g. 'John gave 4iry the 
book, is aa ATRANS with actor - John, object - book, source A John, 
and reci-plent - Mary. 'Johii took the book,' is ar ATRANS with actor - 
John, object « book, and rectpietit « John. . 

PTRANS 

The transfer of physical ioeatloo. PTRAJ« requires at> actor, object, 
origin, and destination. E.g. 'Jolm ran to tows,' is a PTRrtHS with 
actor - John, object « John, and destination « a town. 



PROPEL 

Ihe applicai Ion of a physical force. If aoveaeat takes place because 
of a PROPEL, then a PTRANS occurs as wall as a PROPSL. PROPEL 
requires an actor, object, origin, and direction". E.g. 'push,' 
pull,' 'throw,' and 'kick,' are all actioas which involve a PROPEL, 

.273 ^ ^ : 



KTRAKS 

■Xhe transfer cf Inforsatloa. MTBAliS cm occur beti^fea . aniCttlo or 
bistveea ajaory locatloas wlfchla a huaaa, Baaaa fccssory Is partitioned 
into three dental IbcatloDis; the CP (Consciotts Proceaoor) boia» 
iofoetaatloTi mic'h v& are con'ociously a%^re of, the Si (Interac^Siate 
Keaory) where infoxsatioa froa the Issa^iato coatext io hold £or 
potential acceajs by ^ .the CP, and the. tlH (;,ong tern Jfeaory) «herc 
Inforaatio'. Is stored ^peremaontly. KTRAJJS roqt^roa an actor, ohjcct» 
source, and recipient. Sources and recipients arc ciJObor anloais or 
oental locations in a huaaa. E.g. 'toll* 1® an wikm betvooa 
people, 'sec' Is an KTSAJIS froa oyeo to ths CP, 'rciicaber' is an 
KTRAKS frosa the Vm to the CP, and 'learn' Is an KIRAHS to iho UH» 



KBOILD 



The tliought p ocess ^ihicb construct© new tnfoKjatloa £r<k3 old. 
HBUILDS take i>lace irithin the Di, receiving- input frcss the CP and 
placing output in the CP. 2.^. 'decide,' 'conclude,' 'imgiae,' and 
consider,* arc all InsUnces of M80IL0. 



IKGEST 



Ihe intcrnalizjition ot an external object into th^ internal systea of 
an anlnat. IKSEST requires an aztos, object, orisln, and destination. 
E.g. eat,' 'drink,' 'saoke,' sad 'breathe,' at© ctssaoti eseanlcs of 
IKCEST. ... i 



EXPEL 

The act of pushing an objeev out of the body, mPZl requires an 
actor, object, origin and dostlaation. Iferds for excretion and 
secretion are described by SXFEL, E.g. 'amaW 'spit,* and 'cry.' 
are SXPEla. 



* 

Many acts require an inatrua-.otal actioti _onj|i5L part o£ the ac-tor. 
Ihe following j^ficsittvc acts ace mm prteatily as iasiruseetal 
• conceptuall2ation». Each of these acta r^vquircs an as tor and object. 
MOVE requires an origin and destination as . 

Horn J ' 

The aoveaent of an anlssei iavolvibg n&sc bodypan. KSV£ ; tn 
ioatrtaental lo actions like 'kick/ 'hand/ and 'throw/ It cm &lm 
occur aoMinatruacntally as in 'fclss/ and 'scratch/ 
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smgi 

Aay vocal aet. masmo sasually poefom SPE&Kiug iictiooa as laattaseats 
of KTRASSiog. 



Hio act of locmisg a scane organ iomxi ccae stSstttlus. ATTESD la 
alfflcai al^Kiys ins^cBcat^l to itERAKS. E.8. 'o«c' is aa KmyiS fsca 
fctsa eye to Uio CP vith losi^^tsctfat MlOT oyc t« object. 



(RASP ■ * 

i • 

The act o£ scctarlfls coatact vith object. E,8, 'grab,' 'let go/ 
aad aad 'throw,' ea'ch isvolvo a (Sm? ot tba toraiaation of a (SASP. 



Causal chains cmistrtsctiojji^ comxoct Individual ajsccptiialtoittcfts by 
cAXiml telaiiomhipti. A iM^ m?^^i^ aktisml chute alt45niiitiQs cvoot- 
ajjd stat^aj ovojqU result atatco and out<!0 citable ^3vmtnm In 
Coticepttal Itopondency tJw^re are five basic c^tml lini^s. 



RESPLT (r) 

iJt^t^ other than mnf ^1 ot^sien* 



fitter Of .m ' initute^* i^x>*jf^ni ptoc^mh {KBlUtO).. 



tai'^O ft) 

Thin ci%usj'%l link in ifnij?d io tonnt^ct <?v*^in n ciiumI cHalia 

r<tpri5f«*?^e4t*oo vhjch %n not fully exp4i54ed. That t^, ite * ie4idto* 

2Si 
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link in mci to tedlcflto thnt a cati^^al <h^ln ffxpamion oxi^tn hf imm 
evcsta vi^ich 1b not bdiag explicitly npisll^d o«U 



CABCAOSt (C) 

Ihla link to a rMlllcail^n of the LEADTO link ' Viw vmMim 
iodicdtois th&t an m^p^titltii mimnl chuln fmpnnofoo Imci i^fi iiHi 
oC th« cauml ciialn roprcis^jatatlott* Tho dlfforodeo b^t^^aern n CAICA,U8K 
llaik npd a LEAQTO litik lo that tho i&vontu and Gtntod ioliwl l>y a 
CAraSAUSE lli^k aro hypothetical • 



in tbo ears© way that tho 'load to* llak I0 v^ed fo fndlr^le a 
$^i$»li)g C3(ip^j%Bloti« various causal llnfoi can fjo cosibln^d to indUnli* 
0IM5ctClc coatri:^tloimi For e^ji<opl0« an 'liiltlato*-r<jiidtm* (I/R) link 
l9 mtd to dcGcrlb/5 a 0tdt0 vhlch lend to an nctiofi by mmm <if n 
aoutal procoao* Ihla link iniHUnu^ s that m HBUILR I0 itfplirJt in Urn 
causal chain r^prcAont^dtlon. 



in 



^liili Irnvi* Imitii 0tl m m^ifsiPi »>f tumnn mm^^ir^ i^l:tlt^ni#^Um\* A 

fl^Mjaii ftKis Hti^iiiy ihiilit ^iUl^n i^iMUtllil lnti^lRttllm\ #Mna 8tt«lLttmm wt 
i^in^H^m ^ki^^nmnii mt^n\i\immi^ «»i>t»trft 4i^jki»^iit*i?4 lli** i^npi^v^lMUm^ 

It htti iim tini ^ ^hnDl^U^ Iti n ^lit^n>m m ^U\\\\\i\%^ Hi ft^gi HUIUUU 

tfih til iM^j^ni^riitittHj^ Hiui Mii rthmil iiiiiiiiiu«i>itiiK Wh|iH ymi ji^t ^ 
««i«t(r)| hiti« u^u%\^ mi^iii^^ ^^liwy^ a ^^^Wwhi^, trnvi^ii i^p 

nkMftil, ihbw %ft^itH liiit^^ rrtU %H iWtiS^iH rru>H v^i^i jci9^||4w:lnlr It 
Imn^ llmi tMfm Ih ^ ^umI ^ UH^kiv^0Vi V^Hi lilTl 

i Hni^>f»»y. Toll i^^ imt 1^ Mifil R.^ «i liMiHtuii^iil 4 ytm Uiqii4*1 v>HH 

«tti||*ii»i l^HMvlf^tfii^ H%m ^nkf rH**H ^**rii»i*Mi Ui i^^^mw 

U If^ HH«?i|»n Ml* fMM i.)i)t4l|»0|$ (^UmH WU^V ^^ii^l-tfl t4f |-U|l^g^ t^*4 

Mo. 1411^ latlil ^luta ^il^^^U ^U^ml*a4ft%i 

f^ti^f^**!^* Ifi^*^ kimvrt Mfc-^^^ it flfi^ft si l*H»lr <t^ 

iTM^ «HH|{k%| t>^%Ht*l*s4^** i!»»*H^K3^* t*l*4 *^|f ft^iMMtt iHit^^i^ If VU*^ m<*U 

#^**«M t*»v H«l4iM{;^ -rTl*-^ 5m tS»Ja t^n t^||^»H^4 
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finding a book in the library (without the possibility of be^g 
t^acued by the book) * Plans are extremely general procedures wjfich 
Hte adaptable to a number of situations and are used when there is no 
dtandntd routine to follow • , 

( ' 

*viat\a and scripts are related in that plans may give birth to 
i^crtpta^ If I invoke the same plans for getting stores to ca^h ray"^ 
cht?ck8» and these plans are always successful, I will have a script 
aftdr a while. Slj^ld my script fail at some time, I will have to ^ 
Visvert back into planning mode. But as long as. the Park Avenue 
addreilH and the AMA membership card work, IvWill try them first. What 
orljiinated as an inform/ reason plan, evolveds^into a script due. to 
repeated auccessea. *For a aore complete discussion of scripts and . 
* plauj^ aeoMSchank & Abelson 1977]. 



TERMINOLOGY 

A SCRIPt la a knowledge structure whlcji-sis used as a predictive 
laCereucG mechanism during understandin(£T^^cripts contain knowledge 
about *hi8hl> atereotypic situations. Tl>fe scripts which are important 
tor natural language processing ar^those which describe situations 
fapJiliar to a largo population. 

SCRn>T APPLICATIOI^ is the' process which accesses a script at .the 
lime oiE imderatanding in order to make predictions about what is 
lUble to happen next. As subsequent text, is processed, old 
predlctiona may be incorporated into the memory representation as 
InC^reucea about things wl^ich must have occurred even if they were not 
eicplicltly atated. 

SCRll>r INSTAOTTATION refers to the .generation^ of a memory 
ii^preaeutatlou for a specific went. The script applier instantiates 
Scripts when it generates sto>y representations.; 



DEFAULT ASSIGNMENTS are inferences made by'' the script applier 
about role bludin^^a within a script which have not been e>tplicilty 
deacrlbed by the input. 

SCRIin: EXECUTION refers to ri^e actual performance of a script 
activity. 

A PIAN is a knowledge structure which is used as^ a predictive 
Inlerenca mechanism at the time of understanding. 

PlxAN APPLICATION is the process which accesses plans at the time 
of uud^ralnnding in order to make predictions about what is liable to 
happen next. * ^ 

PUNNING STRUCTURES refer to those constructions in a memory 
repre:?entation which were generated by plans. 
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APPENDIX 3^ 
STORY 'REPRESENTATIONS 



X 



In this overview we will describe the story representations 
generated by SAM and PAM. But we. will not at^:erapt to describe how 
these representations are created during the understanding procaas. 
For a discussion of SAM's understanding processes see [Cuilingford 
1977] and for a description of the PAM system see [Wilensky 1976] • In 
general we ^ can, say that both systems ar* based on predictive 
mechanisms which make many inferences at the t^me of understanding. 
All substantiated inferences made during understanding are 
incorporated in the story representation, and once the story 
representation has been created there is no record of which 
conceptualizations in the story representation were explicitly stated 
in the story and which were inferred. Most of the questions which can 
be answered about a story are answerable on the basis! of the ptory 
representation alone without additional inferencing or reasoning. For 
a theoretical \ discussion of , memory and inferencing in story 
understanding, see [Abelson & Schank 1977]. 

CAUSAL CHAINS ^ 
/ • * 

The causal chain level of represen^tion encodes a chronology of 
events and states describing everything which happened in the course 
of the story Th^ indlv±lnal™cuncispttiaiiaaiio in this chain are 
joined by clausal links according to Nthe syntax of causal chains" 
[Schank 1973a]. Basically, a causal chain^^s a string of alternating 



ENABLE, RESULT, REASON,^ 
Causal chains tend to be 
a Single conceptualization 



states and acts, with the causal links 
INITIATE, CANCAUSE, and LEADTO joining them, 
fairly linear, but there are times when 
y»^will have Multiple antecedents or corisecuent/s. 

/ 

One way to think about a causal chain representation is to 
imagine a movie of the story and to record each event as it octxivB. 
For example, in a story which describes John going to a restaurant, 
there are dozens of events v/hich must ^involve John between the time he 
enters the restaurant and the time he leaves. Each one of these 
events goes into the causal chain. If there is more than one 
character in a story, there will be a point of view adopted for the 
causal chain representation. If John goes to a restaurant, the causal 
chain will be dominated by events which involve John directly. We 
want to keep the camera on John for the most part. ; 

^ ^ To give you some concrete sense of causal chain representations, 
let's look at a stor^^ wiiich SAM has understood: 

John went to New York by bus* On the bus he" 
talked to an old lady. When he left the bus he 
thanked the driver . He took the subway to 
Leone's. On the subway his pocket was picked. He 
got off the train and entered Leone's. He had 
som^ lasagn^. When the check came he discovered 
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couldn't pa?. Ibe tsaaascaeat told hlsj-bo vssal^ 
have to wa^ dlJ^es. " - - 

Ihe followtxtg paraphrase for this story vss gejserated by S«i by ■ 
traoslatitts into EosUsli all of the coaceptml acts fouad to tfc« 
causal chain representation for this story (Scbask ot al. 19753. Ifec 
actual catmi. cbatn hap states betveca consecutive acts, but those 
ware not included in the par<a^^ra8«. mUcG ho» single sentence* fcc«a ' 
tiie original story are broiscn dowj inxo serittences ©{ cocccottsal &!*ta'. 
Also notice how conceptualisations havfe been inferred free the .sLiry 
in order to ^ fora cooi^cte causal chains betveea tvc Input ' 
conceptualtxatioaa: * *«v*^ 

Jah^ »«aot to a bus atop. Ha waited at it a few 
alnutos. Bfi entered a bus. %e driver ^ot tha 
ticket froa John. Eo vent/to a seat. Be sat down 
in it. v:hllo John vas on the bus an old l^y aud 
John talked. Iho driver took'tJoija to Kev York. 
He vent to the driver. Vhea glaittlag off the bur 
John thanked the driver. Bo got -off it. Eo ' 
entered a station. Be pot * token la tho 
turnatile, Ee ycat 'the platfona.. He i^lted at 
It a few Dlnutca. ge entered a Is^jbiRiy car* A 
thief went to Jol^n. Se picked John's pocket.- Ho 
went. . John went to a seat. Bo sasL do«i In it. 
The driver took* John to Uone's. Ho left the 
Bubiray e«r, «£ 'left the station. c.-tered 
Leone's. He looked around inside it. Iks saw he ' " 
coul^ go to a table. He wont to it^ Ha sat dovsx 
,iu the seat. Be .ordered some laa%D«. ^ the waiter 
.» indicated to the chef John would ttkc hiB^o -» 

prepare sdaething. THje chef prepared the lasagoL lb 
l"he waiter got it frsfej the chef. The waiter went 
to the table. He served the lasagna to John. lis 
' ate it. Be bceaao full, tie asked iho waiter for 
the check. John get it froa the vaitor. John 
read the chock. John discovered ho t«s un^iblc to 
pay the check. He indicated to the waiter be wao 
unable to pay the check. The naaagcrscnt told John 
he wofld have to wash dishes- Hg entered Uu" 
kltcV^n. He washttd dishes. He left Leone's* ^ 



Soae of the loterences oaae here couldbe wroog. For cxaa^le. there 
K °/ Icaowiog whether John had bis pocket picked before or 
w!" r""" For that eatter, we don't really 

know that John sat down on the subway« In the causal" chain 
f!!'*''fJ^f ^''^^l f^*" laferrcd conceptualiesJKna are tagged according 
tlui^A^l ""^"-T CCulUngf;3^77I. But thi basic Jtl^ 

behind the chain level of represerftatton is a chronology of 

st^us and. acts doacrlblti^ everything which ouat have happened. 
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Script 6iru^t«^rc5 co^tltutc a teiglbei: level oE t^ftt:^nt^l^^. 
Thcf csccde a ro^^g^ bird'© view t^e etoty*. This 2w4i ol 

rcpresmitatlos ' la tsoat fajsortai^t vfeea. soto thaii oca seripi; i» 
s:^e£Ci:iced in the course of a etarjr* Script str^turcS dcBcribo t^v 
^atiom script© relate to cach^otfce^. I^t C3t«ple, a gcisw^ trip 
script vlll coatalJi various tr^svel scripts (smtcS er seq^sstiAily^ 
ord^ed)t veil on sscriplal dci5cripti0t?3 of tfc^ dKsstijsatiUsa 
activities^ Scripto arc gcjsor^Hy reiat^ ecqtst'^tiAlly or by nestles* 
and GSJ^e scripts (Ulce t&s trip ticript) predict irr|ptal relatlun^ 
vl^?* thiJ350civi^a. Th^ scriptal ^ .suetuns for the Lco^*? st^ssy locks 

sraipi < DESTm\Tio^ ssxsiacrakti . 

Each poiatcr ia a ^rlpt Qtriscturo pci^xts to a particular* 
laQtaQtlatioo of a Bcrlpt, SStlSl in the golog part of $TRIPl refcra 
to that par t^ of t^ sio^ / vMc!» Involved a b^a rid* to l^y tork» UsiB 
iutitastiatioii tM bm acrlpt bisdo Jobix a^^-tJtfc t^isi ^tor and 
ii^clisdeu bia "CSaaklng tfes driver ^M^^t^lkitig to an old Iady^•" Bad thx? 
atory incittded John going h^k hy bus, a second isatajitiatioD af 
tN? bus script would appear tss:? the retunUjj&.part of STRX3PU tSaie 
ami of t^.i5 iscrlptD ^icb appear ia^tfec tco^t*© ©tory arc scqiKsotially 
related ♦ eoso are i^e^Jted wltbia otfeora. AU script© In tfeo Leoce'a 
n tory , are part of t^^ trip scf3lpl,» a^f tb© y*ck-*poctotl»i8 episode is 
Kiested vxtlsln iho subvay ride* 

I ■■ , 

Sciipt 6tij^tw€0 allov accctJtv to ncrlptcrelatcid i©foi^tlO0,vhisfb 
i<j ^:ttor*-*i tedcpemit^t of tb^ carnal chain rcprcacatatlorff tach 
poisti-r in a Dcrlpt atructure allova acecsis to thfi ' co^cptxali^ation 
otctmri^lcH that t^rlpt itistaatlatloi^t any cvcata which •occurred 
duri?>g th:%t nc ripe inatasitlatioii vbic^i i^re ^recogatficd *3 beicg 
particularly/ ^M^muii^l or iister»jBtisg» a^d mf role bindltsga for that 
pajftlcalar ?y:rlpt i«stantlatto0# THia abUlty to ^tto^i t^^^coat 
iisp^rus^st afipc<t^ of f% ^ttipi i^Hiantiation ib ctM^ial *w oa^y 
retrieval rii^ki?. 



^ar-lf> goalri a^d atrate^Tca f or* achtevlr!^ tl^^^ g^la« Sappa^ Jo&ci 
^^aveii !4iry Irc^s a dtn^Qn mi ohc t^atti€^f$ hla. tfeis naiu*s aou!^^ aa a 
utsificd Qtory o^ily bccaci^e , fcr tbat tfeo dragoa Istut^dcd to harts 
Kilty, John did^*^t vani Hsry to \ct hurt» and Mtr^ wjia gratofial to Jdbn 
iifter rcf-Cf^d h4?r* S^pp^gt^ .ij^^tead that H^ry suurrled ^ofes* aft^r fee 
frd t*^t !^?lovi?d ?^et ^^ Jlo to a lio6# Ihla ator^ is at'ji Harder to 
u^xdcrota^^x^rx^'iO It vlol^sir^ tul^n about hi^sdQ behavior ^isd acsslal 
oiatrn* For>t^Kto starry'Jol^ w i^»pei:t that Hary . icvca or likea 
Jahs5, Bui if^ha dfntroyed a pr^t vhSch npt ilied, ve e«p^ct K^ry to 




^ dlsUk^ John# If Rxry^iaarrlos John after his pruel b.ehavior,* vfe are 
forced to n^stsso udther that ve are alssing soae critical piece of 
iiiforsatloa (altl^ugh it is h^d to Imagine vfcat), or :*that Kary and 
Joha are into soae sort of strange sadiat/ioaBochist relationship^ The 
causality betvoen Joha tcraing Mary's p^t poodle into cat food and 
Kary xaarrying ioho is ver^ iifiEicidt to account for. 

In order xo uaderst^na stories do this level of hunan motivation 
and bcbavior> plans aust^be invoked ixuthe imdcrstanding process*. The 
story repreaentat:lon generated ' oust incorporate plan-related 
lnforaat<on. PAM creates story representations which Include both a 
causal chain level repp^setjlation and a planning structtire 
representation. To see vhat p.nds of plan- related inferences are made 
at the tine of understandings consider the following stury: , 

John iove^^^Hiry but she^idn't vant to marry 'him. 
One dayr a dragon stole Mary frdm^ tKe castle. 
John got on top^ of his hors^r^ and ' killed' -the 
dragon. Mary agreed to . qarryKim. They lived - 
happily evpr after. • * * 

%• ^ 

In the course of understanding this story, PAM makes following 
inferences 2 . ! • ^ . ^ 

John wanted to car^y Kary " ^ 
Mary vas endahge^^^d by th^ dragop ' t ^ . 

John learned that the dragon>^ kidnapped Kary 
John wanted to save Hary.fp6zk the dragon, 
John r^5dfe b:^s horse' to Vh^e Kary was * ^ 
Hary became grateful to John for resc^ng^^fess 
Jolm and &ry ^ot^ married. ' j , 

In addition to ^hes^^ Inferences, there are plan-related causal links 
which intcr-telite thcse^. Inf^jccnces. For example,, the story 
representation encodes' the fact that, Kary married Oohn 'because she 
felt grateful to him (for rescuing* her) > John got on his hors0 in 
ordtf to ge^ to where tory was, being wbare Kary was enabled John * to 
rescue her, and , John knowing that, the dr^^on had kidnapped Xary 
initiated thought process in John wfcich. ended id his deciding to 
save mvy The causalities connecting these c^nc^ luali^tltpns go 
beyond the itoaol6glcal causality f omd in causal chains. , These 
relational links are concerned core with tahy people do what they do 
than the*^ pjhysicil chain of events which occur m the course of a 
«tory. • ^ 

In additlojx to plan-rel6ted inforenccs^ PAM gemmates a causal 
chain ri)prescQf atjion which encodes the events o^ * ^ story as they 
occurr<?d. To^get a^?eni;e of the- causal chnln ropr^ nation gencratlj^ 
by PAM, l©t*0 look at a paraphrase based jsm the caw ^ chain for the 
dragon story. This paraphr#^al5 ^s generated i% the aaae way that tht# 
long paraphrase for tl^ Leone's * story was crca|;jed by SAM» Each 
conceptual act in the caunal chain has been, translated to Eiglish, 
ICitvlng out all o£ the' intervening states with tho otccptl^n of 
emotional states:; 



4(^hjh ^ i:i jki?;<^. SJi«?^ 44* -i^aaJi 

^mty^ &4m-ri,' 4 4'5^»^- bss- c«^il;e;. He! 

'.M V(Hi^> ^ 'iTi^m^. %^m.n^- i:ai^\^i§^ '5^0 si^, 
toSi^f ^4 M^*. He 

.«lja^is„ 1;&v;al;_ §i5?||^,^ %e >^<>4l('% 
c,a^»jsai; K^a5ti59sh>%% sooner Utlg, sx.l,3fc <?^l,i4'4% tha ijaus^X 




5^ , ssa 
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1. Fi^^?sa:iria3 tyi &^i{i^tA^ Kp^^^l^g^. JS&^^MSL 

'^t SA^^Uos^i S^ri^t^* i^SlSSE ^^^ISS^^M!* 



. — — . . i^m- 




Ooi&jM* (I9?5>^ ^meptii^i S^iietatt^Ci*^ ^g££g|J^ IslSLSS^iMSS. 



^^^^^^ Jj^as* ' - " ' ' 
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